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ABSTRACT
Four laborat.ory populations of guppies were grown in small aquariums under

controlled light, t.emperat.ure, and food supply. Two of the populat.ions were se­

lected by lot as controls; the other two \"ere used as experimental populations for

application of various fishing pressures.

Successive applicat,ion of fishing rates of 25, 10, 50, and i5 percent per triweekly

period produced major changes in the experimental populat.ions not duplicated in

the controls. The general effect of exploitation was to produce a decrease in t.he

size of the population, the amount of the decrease varying upward with the exploita­

tion rate, until at the i5-percent rate the test populations were extinguished. Abun­

dance and size composition of the stocks followed classical conceptions derived on

theoretical grounds.
\! ;"!~

Equilibrium yield was found to be related to fishing rate in the manner of a humped

curve, with ma."imal yield at fishing rates between 30 and 40 percent, when the popu­

lations were at approximately one-third their asymptot.ic weight. The ~'ield of fish

flesh at the maximum represented about one-fifth the weight of the food consumed.

The conventional fishery measures-catch, catch per unit of effort, and average

fish length-were calculated and were found to yield a large amount of information

about population 'size and results of changes in rate of exploitation.
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EXPERIMENTAL EXPLOITATION OF FISH POPULATIONS

By RALPH P. SILLIMAN and JAMES S. GUTSELL, Fishery Research Biologists

In fishery investigations, interest centers about
the catching rate, or rate of exploitation, since this
rate is one, and often the only one of the factors
affecting the fishery, which is under the eontrol of
man. Indeed, a large part of all fishery research
has been directed toward the problem of finding
the consequences of various fishing rates, and in
partieular of locating the rate whieh will provide
the ma."imum sustained yield of fish for use alii
food. Most of the approaches to this problem
have been ecological, eonsisting in the observation
of the fish in their natural environment; and their
reaction to changes in fishing and in environment.
The well-known ,contributions of Baranov (1918),
Russel (1931), Graham (1935), Thompson and
Bell (1934), and Ricker (I948) use observations of
this type, coupled with relatively simple mathe­
matical models. Use of such observat,ions is
greatly complicated by the fact that population
changes due to natural causes' often mask those
due to fishing.

More recently the maximum-yield problem has
been approached through the technique of com­
plex mathematical models, such as those developed

·by Beverton and Holt (1956). This approach,
too, is difficult when the various recruitment,
growth, and mortality rates affecting the popula­
tions not only vary but have their variations
dependent on population characteristics. As noted
by Sehaefer (1943), "The problem is much more

I complex when the mortality or recruitment rates
are not uniform, and leads, in general, to no
'limple solution."

The laboratory experiment as all approach to
the maximum-yield problem has not to our knowl­
edge been used previously for fish populations.

· For insects, t,he laboratory reactions of popula­
tions to removals have been studied by Nicholson
(1954) and Watt (1955), using sheep blowflies and

·flour beetles, respeetively. Although these experi­
ments produced an abundance of useful informa­
tion, it seems likely that the great differentiation

of larval from adult insect fornis caused the
reactions to be somewhat different from tho.se of
fish populations, where in most exploited species
t,he adult. form is assumed at a very early age. An
experiment utilizing two laboratory populations
of the guppy, Leb-i.stes l'eticulat·us, was started by
Silliman (1948) but was terminated before it had
produced any result.s relating to exploitatiOli.

The experiments reported herein represent Ii.
resumption of the work of Silliman (1948), who
listed as reasons for choosing the guppy as an
experimental animal, its small size, rapid repro­
diIctive an:d growth rates, and hardiness. Priniary
objectives of the work were to learn as much as
possible about the reaction of fish populations to
different rates of exploitat,ion, to discover the
relation between equilibrium yield and exploita­
tion rate, and to establish principles of exploitation
which would be applicable to commercially utilized
fish populations. An additional objective was to
find how many of the known facts regarding popu­
lation changes would be reve!\-led by the conven­
tional measures of total catch, catch per, unit of
effort., and mean length of. fish in the catch.

The authors are grateful to the following' per­
sons for reviewing the manuscript: R. J. H.
Brevert,on, R. A. Fredin, J. A. Gulland, Dr. ,J. L..
McHugh, A. E. Peterson, Dr. W. E. Ricker, Dr.
J. Rockwell, Jr., Dr. G. A. Rounsefell, Dr. M. B.
Schaefer, O. E. Sette, C. C.'Taylor, and Dr. D. E.
Wohlschlag. Although their suggestions were
freely followed in making revisions, they cannot
of course be held responsible for any errors of fact
or interpretation; that responsibility rests with' the
authors.

Thanks are also ,due Arnold G. Golding, who
made the fish' measurements. Finally, we wish
to acknowledge the contribution of Dr. Stanislas
F. Snieszko, Director of the Microbiological Lab­
oratory, Fish ,and Wildlife Service, Leetown,
W. Va., whose sympathetic cooperation made the
experiments possible. '
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PLAN OF THE EXPERIMENT

The experiment involved four aquarium tanks
and their guppy populations, two of which were
to be test populations exploited at selected rates
and the other two of which were to serve as con­
trols. The size of the aquariums, amount and
type of food, etc., were based on previous experi­
ence of Silliman (1948). Experimental procedure
was decided upon before work was begun, and
consisted in starting the four populations at well
below their asymptotic levels and allowing growth
to asymptotic size before starting exploitation of
the test populations (the plan was later changed
to save time by starting exploitation at a popu­
lation level somewhat below the asymptotic
level). The two control populat,ions (chosen by
lot) were to be maintained under the same concli­
tions as the test populations, with the exception
of removals.

The intent was to make the experiment resem­
ble as closely as possible 'a commercial fishery.
For this reason the "fishing" was done in such a
manner as to permit the escape of small fish, as
occurs with net selection in an actual fishery.
Also "refuges" were provided for newly born fish,
comparable to the nursery grounds of many
exploited populations. Removals were made tri­
weekly, bearing the same relation in a tin~e sense
to the approxi~ate 3-week guppy brood mterval
as does an annuftJ. 'fishing season to an annually
spawning fish., " '

Finally, plans fOf exploitation included contin­
uation of ~ach selected fishing rate until equilib­
rium at that rate, or extinction of the populations,

. had occurred. In practice, the limitations of time
required the interpretation of "equilibrium" to
~ean the lack of substantial changes in the mag­
nitude and size composition of the catch, aiul
population, rather than the observation of !,~e
populations at each exploitation rate over a perIod
long enough for the' attainment' of absolute
equilibrium.

MAINTENANCE AND EXPLOITATION PRO­
'CEDURES AND EQUIPMENT

,The four aquariums (designated A, B, (!, and
D) were placed in a, concrete trough upon which
was built a plywood box enclosing all units to
form a lightproof enclosure. The ,box was painted
a flat black inside and out. All heating and cool-

ing apparatus, the bulbs of recording thermome­
ters, and the aquariums were kept in a water-'
bath approximately 9 em. in depth. This water
bath was constantly circulated by an electric
stirrer and was covered with a layer of oil to
reduee evaporation. The units were placed as
shown on the accompanying diagram (fig. 1).

The aquariums were eaeh 44 by 24 by 22.3-­
em. and were filled with water to the depth of
17 em. (volume of about 17 liters). A small
electric air pump 'operated standard aquarium
activated-charcoal filters (8 by 8 by 10 em.) and
stone aerators for each tank. In addition, each
tank contained a refuge as a means of protection,
for the young fish; this was in the corner (fig. 1),
closed in by a fence consisting of solid glass rods
3 mm. in (iiameter with 1.5-nUll. spacing. Each
aquarium was covered with a plaf3tic l;creen to
keep the fish from jumping out. '

Onee each week (usually on Friday) all popula- '
tions were removed from the aquariums, and the
water was filtered and the equipment cleaned.
The water from each aquarium was filtered first
through a silk cloth (20 standard mesh) and then
through analytical filter paper. All units (filter.s,
ete.) in the aquariums were thoroughly washed.m
running water. Two .liters of water were re­
placed by an equal amount, of new water each
week.

At the time of cleaning the aquariums each
population was separated in groups· of mature
males, mature females; immatures, and fry. , ~ry
were distinguished from immatures by gradmg.
through a wire basket (2.5-mm. mesh)., The males
were classed as mature when the plack spots on
each side were prominent or when the typical
male color was observed. The change from
immature to adult females was determined by
size and form.

After separation by sex and stage of maturity,
all fish except the fry were weighed.. Each
pop.ulation (or half of it if· the amount was too
large) was poured into a plastic household
strainer ,) em. in diameter with I-mm. mesh (a
plastic funnel 10 em. high was used to keep the
guppies'from jumping out); the excess water from
the strainer was removed by blotting the bottom
on filter paper until practically no moisture sho~ed
on the paper; and the fish were then poured mto
a previously balanced pan holding about 75 ml. of
water and were weighed on a torsion balance.
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FRONT VIEW
FIGURE I.-Experimental apparatus: A, concrete tank with sides 4 inches thick; B, stirrer; C, submerged aquarium

heater; D, bulb of thermoregulator; E, bulb of temperature recorder; F, outlet for cold-water coil; G, cold-water
coils (water 54° C., continuous flow); H, heating unit; I, brine-shrimp (Artemia) hatching jars; J, filter (plastic
containing activated charcoal); K, aquariums; L, aerators; lItI, refuges to harbor fry (l.5-mm. spacing); N, ther­
mometers, laboratory glass; 0, thermometer (7-day recording); P, air vent; Q and R, temperature control and
switch; S, automatic time switch; T, lights (two 25-wat.t bulbs over each aquarium); U, cold-water inlet; V, air
line; W, water-bath level; X, water line in aquariums.

When it was necessary to divide the population
into two parts, the second half was drained and
weighed with the first.

The cropping or removal of fish. in the test
populations was carried out at the ~nd of each 3
weeks. Removals were made after the weighing,
before the fish were returned to the aquariums.
Fish were netted from a cont.ainer bne at a time,
with removals corresponding to the exploitation
rate being applied. Thus, at the 25-pcrcent rate,
each fourth fish was removed. To avoid bias,
removals were started at successive croppings
with fish No.1, No.2, No.3, and No.4, after
which the cycle was repeated. The fry, having
previously been separated from the rest of the
populations, were not included in the removals.

All fish removed were preserved in 5-percent
formalin.

All four populations were fed frozen Daphnia,
dry food, and brine shrimp (Artemia). The dry
food was a standard commercial aquarium food,
coarse grade. Two lots of this food were used,
one for the first 99 weeks, the second for weeks 100
to 174. The second lot differed from'the first only
in the addition of aureomycin and vitamin B12 •

The Brine shrimp were prepared by placing
one-fourt.h level teaspoon (approximately 1.2 mI.)
of t.he eggs in 750 ml. of saline solution. This
solut.ion was prepared the previous day by putting
one level tablespoon of common rock salt into each
750 ml. of water. The four individual hatching
jars of shrimp eggs were kept at about 24° C. for
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NARRATIVE OF EXPERIMENT

48 hours, after which time the hatched shrimp
were syphoned off through a fine-mesh silk cloth
and rinsed into the aquariums.

Near the end of the experiment, duplicate
hatches of brine shrimp were produced for
weighing to determine the amount being fed.
Hatches of nauplii produced in the usual way were
filtered from the salt water with several types of
filters (bolting cloth; Gooch crucible with asbestos;
sintered glass crucible, coarse; stainless-steel
crucible, coarse). After being washed with dis­
tilled water to remove salt, the nauplii were
placed in an oven at 60° C. for 10 to 12 hours,
vacuum dried at 60° C. for 4 hours, and weighed.
The average of the weighings was 0.125 mg.

Food was placed in each aquarium according t.o
the following weekly schedule:

Such minor variations from the above schedule
as occurred were the same for all four aquariums.

A temperature regulator was installed in connec­
tion with electrical heaters (fig. 1) for the purpose
of keeping the aquarium temperatures at 75° F.
with a variation of ±2° F. This equipment did
not function properly, however, and large varia­
tions in temperature occurred, as set forth later in
the report. These variations were the same for all
four aquariums, owing to the circulation of the
water bath containing them.

Light was maintained practically constant by
having the aquariums in a light-tight box, which
was opened only during feeding, cleaning, or
other need. The two 25-watt incandescent lamps
above each aquarium were turned on 12 hours a
day (6 a. m. to 6 p. m.) by means of an electrical
time switch.

53

TABI,E I.-List of week numbers 11sed in table and graph
. desl:gnatiOlls

6, May 6-12, 1951 (a list of week numbers is
given in table 1). Two stocks were secured and
were divided among the aquariums in such a way
that aquariums A. and .(' had stocks from one
source and Band D from the other. Populations
A. and C' were started with 5 males and 3 females
each; populations Band D with 5 fish of each sex.

Beginning
,;

Beginning
,;

Beginning
,;
Z

:i I z
i

z .c... ... .. ... c'" <:: l>o ~ al l>o .. l>o :;Q os Q'" os os .. .. os '"~ ~ i=I >< ;l: ~ i=I >< ::: ::a i=I ><
----- -- ----- -- ------ --

I Apr. I 1951 59 May 11 1952 117 June 21 19
2 8 00 18 118 28
3 15 61 25 119 July 5
4 22 62 June 1 120 12
5 29 63 8 121 19
6 May 6 64 15 122 26
7 13 65 22 123 Aug. 2
8 20 66 29 124 9
9 27 67 July 6 125 16

10 June 3 611 13 126 23
11 10 69 20 127 30
12 17 70 27 128 Sep. 6
13 24 71 Aug. 3 129 13
14 July I 72 10 130 20
15 8 73 17 131 27
16 16 , 74 24 132 Oct. 4
17 22 75 31 133 11
18 29 76 Sep. 7 134 18
19 Aug. 5 77 14 135 25
20 12 78 21 136 Nov. 1
21 19 79 28 137 8
22 26 l!O Oct. 5 138 15
23 Sep. 2 81 12 139 22
24 9 82 19 140 29
25 16 83 26 141 Dec. 6
26 23 84 Nov. 2 142 13
27 30 llb 9 143 20
28 Oct. 7 86 16 144 27
29 14 87 23 135 Jan. 3 1954
30 21 88 30 146 10
31 28 89 Dec. 7 147 17
32 Nov. 4 90 14 148 24
33 11 91 21 149 31
34 18 92 28 150 Feh. 7
35 25 93 Jan. 4 1953 151 14
36 Dec. 2 94 11 152 21
37 9 95 18 153 28
38 16 96 25 154 Mar. 7
39 23 97 Feb. 1 155 14
40 30 98 8 156 21
41 Jan. 6 1952 99 15 157 28
42 13 100 22 158 Apr. 4
43 20 101 Mar. 1 159 11
44 27 102 8 100 18
45 Feb. 3 103 15 161 25
46 10 104 22 162 May 2
47 17 105 29 163 9
48 24 106 Apr. 5 164 16
49 Mar. 2 107 12 165 23
50 9 lOS 19 166 30
51 16 109 26 167 June 6
52 23 110 May 3 168 13
53 30 III 10 169 20
54 Apr. 6 112 17 170 27
55 13 113 24 171 July 4
56 20 114 31 172 11
57 27 115 June 7 173 18
58 May 4 116 14 174 25

O. 7

0.125
.125

5. 0 O. 750

1.0

.4 mount per fefding af­
Brine

lJaphnia shrimp Drg food
(gram) (milligram) (grom)

0.1
. 1
. 1

Total amount per week

Dag of week
·Sunday _

Monday through Fl"iday _
Saturday _

The first 5 weeks of experimentation were
occupied with attempts to maintain populations
of inferior stock, all of which died. During the
sixth week new stock was obtained, and the
populations grew satisfactorily. Thus the ex­
periments reported herein started with week No ..

All four populations were allowed to grow
without interference, under the conditions 9f food,
light, temperature, and space as set forth above
until week 40, when cropping of populations A.
and B was beglUl at the rate of 25 percent per 3­
week period. Maintenance of populations C and
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D was continued wit.hout change; thus C became
t.he control for A, and D for B. The cropping of
A. and B was changed to 10 percent at, week 79,
to 50 percent at week 121, and finally to 75
percent at week 15l.

Under the final high rate, populations A and B
declined steadily until population B became
extinct at week 170. The remaining t,hree popula­
tions were maintained until week 174, when
population A contained only one fish. At t.his
time. all t.hre.e. populations were killed, and the
experiment therefore' ended, the terminal date
being July 31, 1954. Changes occurring in num-

ber and weight of the four populat.ions during the
experiment are port,rayed in graphs, figures 2 and 3.

It is notewort.hy that the two unexploited popu­
lations, aft.er their initial growth, fluctuated about,
an asymptotic level and did not enter into It

long-term decline. This is in contradistinct.ion to
the results of Shoemaker (1947) whose 13 labora­
tory populat.ions of guppies began to decline
sharply after the 75th week, reaching a final
average weight after 137 weeks, about one-fifth
the peak level. He concluded that such fluctua­
tions in abundance were characteristic of popula­
tions containing a predator (adult.) and prey

180
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FIGURE 2.-'Veekly populaUon numb~rs during course of experiment. Percentages in upper two panels are triweekly
exploitation rates.
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:FIGVRE 3.-Weekly population weights during course of experiment. Percentages in upper two panels are triweekly
exploitation rates. Broken-line curves in lower two panels are logistic fits.

(juvenile) component, but certainly the experi­
ments reported herein do not evidence fluctuations
of the magnitude observed by Shoemaker. It
seems possible that Shoemaker's fluctuations
resulted from the method of feeding, in which an
excess of food was offered at all times, and from
the lack of special refuges for newborn fish. Such
a situation could well lead to more unstable
populations than one in which the amount of
available food was fixed and refuges were avail­
able, as in the present experiments.

The number of generations of observation (44)
required to obtain the inforination reported herein
is impressive. This is equivalent to 44 years in
an actual fishery even in the unlikely instance that
variables other than fishing are controlled as fully
as in the laboratory populations. It points up

the lengthy observations needed as a reliable basis
for management, of commercial fisheries.

GROWTH OF POPULATIONS

Growth in weight (fig. 3) proved to be much
more regular than growth in numbers (fig. 2).
This undoubtedly resulted from the disturbance
of numbers by the newly born broods of fry;
because of their insignificant weight. these broods
disturbed total weight, of the populations very
little. Each of the four populations increased in
weight almost without interruption until week 40,
when cropping of populations....4 and B was begun.
Growth of populations C and D cont,inued until'
peaks were reached at weeks 62 and 58, respec­
tively. During the remainder of the experiment
the total weights fluctuated considerably but gave
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every"indication of varying about a mean value,
which would of course be the asymptotic popula­
tion level.

Attempts were made to fit. a number of types of
growth curves, including the modified exponential
(Sherman and Morrison, 1950), the Gompertz,
and the logistic. Of these the logistic provided
the most satisfactory fit to the observations. In
making the fit, the asymptotic weight was taken
as the mean for weeks 56 through 174: 32.1 grams
for population G and 32.0 grams for population D.
This correspondence, incidentally, seems remark­
able for two populations with different genetic
origins, and confirms the findings of other investi­
gators (e. g., Spear and Glude, 1957) that within
species environmental characteristics such as
temperature and food supply can be more impor­
tant than heredity as influences on growth.
C.:>nstants of the curves were determined by the
method of Spurr and Arnold (1948), fitting to the
empirical weights for weeks 6 through 55. Devia­
tions of the observational data from the fitted
curves (fig. 3) indicated periodic fluctuations of
about 65 weeks duration superimposed upon the
basic growth pattern. These are similar for the
two control populations, although the initial peak
deviates more from the logistic curve in population
D than in population C. The deviations are
ascribable partly to changes in temperature, as
will be discussed later.

CHANGES DURING EXPLOITATION
Changes in Number

The initial reaction to the imposition of a 25­
percent triweekly exploitation rate to populations
A and B was the expected decrease in total
population numbers (tables 2 and 3, figs. 4 and 5).
This decrease is contrasted with the continuing
upward trend of the control populations (.' and D,
clearly demonstrating that the decrease was the
result of exploitation. In both A and B the
decrease was composed of an immediate reduction
in the accumulated stock of adults followed by
an initial reduction in the number of juveniles.
The space and food thus made available apparently
caused an improved survival rate, resulting in a
new influx of juveniles and a peak of populatiOn
numbers at about week 60. A further adjustment
between juveniles and adults then took place,
resulting in a relatively stable ratio starting with
week 73.

456438 0-58-2

Decreasing the exploitation rate to 10 percent
caused the numbers of both adults and juveniles to
increase in A and B. The history of the two
populations after week 91 differs, however. In A
the increase in adults continued throughout the
10-percent, exploitation period, while the juveniles
declined (presumably as the result of competition
from the greater number of adults; d. Park 1941)
after week 100. In B the decline of juveniles
started earlier (week 91) and was followed by a
sharp increase beginning with week 109. Also,
there was a decline in adult numbers after week
106. No firm hypothesis for these differences
between A and B is offered, although they may
result from genetic differences in reproductive
rate and ability to secure food.

Changes under the 50-percent rate resemble
those occurring under the 25-percent rate, the
same initial decline in aduIt.s followed by an influx
of juveniles being present,. As anticipated, the
final level for adults is much lower than under
either the lO-percent or the 25-percent rate.

The 75-percent rate proved to be catastrophic
for the test populations. Even though the amount
of food and space per individual fish was great,
this could not increase survival sufficiently to offset
the loss of progeny resuIt.ing from the rapid reduc­
tion in mature adults. Both A and B proceeded
steadily to extinction.

In general, the test populat,ions demonstrated
violent changes in population size and com­
position, coinciding with changes in exploitation
rate, and not found in the control populations.
It seems certain, therefore, that the changes did
result from the experiment,al removal of fish at
the stated rates.

The "natural deaths" (figs. 4 and 5) consist of
dead fish found in the aquariums. Sinee most
of the mort,ality occurs through cannibalism, these
dead fish represent only a small fraction of the
tot,al mortality. However, it is of some interest
that the rate of occurrence of dead fish increased
during the latter part of the experiment in the
two control populations, as the proportion of old
fish became greater; apparently senility played
some part in these deaths. In the test populations
fish were cropped off so fast that there was no
opportuni~y for an accumulation of older indi­
viduals.
. The graphs of catch (figs. 4 and 5, center panels)
verify some established principles of fishery ex-
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FIGURE 4.-Triweekly population, catch, and mortality numbers during exploitation period in populations A (test) and
C (control) .. Percentages in upper two panels are triweekly exploitation rates.

ploitation: (a) At such low levels of exploitation
as 10 percent, the catch is stable but below. what
the stock is capable of producing; (b) increase of
the rate from 10 percent to ·50 percent produces a
large temporary increase in catch, followed by a
decrease and stabilization at a level lower than the
initial, but higher than that at the 10-percent
rate; (c) at the 75-percent rate both catch and
stock decline steadily-this is true "overfishing."

Changes in Weight

As mentioned above, population weights are
much less disturbed by the entrance and mortality
of new broods of young fish, and therefore are less

subject to violent fluctuations, than population
numbers. For our purposes this is fortunate, for
commercial-catch statistics are usually expressed
in weights rather than in numbers of fish. The
data on weights of the experimental populations
(table 4, fig. 6), although less detailed than the
data on numbers, are thus of particular interest
for the examination of trends, and for comparison
with commercial-fishery data. It is noteworthy
that the weight curves (fig. 6) for comparable
populations (A with B, C with D) correspond
much more closely than the number curves (figs.
4 and 5). This lends support to the theory ex­
pressed above that the differences in the number
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FIGURE 5.-Triweekly population, catch, and mortality numbers during exploitation period in populations B (test) and
D (control). Percentages in upper two panels are triweekly exploitation rates.

curves for populations A and Il, particularly dur­
ing the 10-percent exploitation rate, may result
from inherited differenees in feeundity, which
ehange the numbers substantially but the weight.s
insignificantly.

It is instructive to eompare the graphs of catch
and total weight at the 50-pe.rcent I'ate with the
graphs .of "total landings" and "eatch per skate"
(a measure of total weight) in Thompson and Bell
(19.34, p. 37). Although Thompson and Bell's
the.oretical graphs were constructed with an
assumed oonstant recruitment which obviously
did not prevail in the guppy populations, the
correspondence of the graphs is nevert.heless
remarkable. It shows that the experimental

populations behaved as might be' anticipated on
the basis of a rather simple mathematieal formula­
tion. This was true even though the change in
fishing rates ("number of skates") of the halibut
example was such as to cause the final catch to be
lower than the initial, whereas the reverse was
true for the guppy experiment.

Changes in Sell: Composition

Since t.he sex of mature fish eould be readily
determined by inspection, sex-composition data
were available for the duration of the experiment.
The percentage of males (table 5, fig. 7) indicates
a marked tendeney for a greater proportion of
males in the exploited (A and B) populations as
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TABLE 2.....:..-Triweekly data on population compoS1:tion and catch under exploitation in test (A) and control (C) populations

[Numbers listed are before removals at the indicated percentage rat,ps. Categories "fry" and" immature" deftned In text, section Maintenance and Exploitation
Procedures and Equipment]

Population .4 Population C

Exploitation
rate and Juvenile Adult Juvenile Adult

week No. -- Grand Catch Natural Grand Natural
total deaths total deaths

Fry Imma- Total Male Fe- Total Fry Imma- Total Male Fe- Total
ture male ture male

-----------------------------------------------
16 percent

40_____________
(I) (I) 64 4.7 38 85 149 22 I (I) (Il 19 37 46 83 102 043_____________ (I) (I) 64 36 27 63 127 21 2 (I) (I) 35 34 45 79 114 04.6___ • ______ •__
21 45 66 35 21 56 122 25 0 (Il (I> 25 39 47 86 III I49_____ • _______
18 24 42 38 21 59 101 20 I 9 9 18 43 57 100 118 052_____________
16 23 30 33 23 56 95 20 I 4 9 13 44 57 101 114 055____._________
39 9 4.8 28 21 49 97 15 1 II 8 19 47 57 104 123 058. __ ._._______
53 25 78 21 19 40 lI8 16 1 7 6 13 47 58 105 118 261. ____________
69 20 89 18 17 35 124 13 0 24 7 31 48 58 106 137 064_____________
61 26 87 20 16 36 123 16 0 13 3 16 45 59 104 120 467_____ • _______
29 35 64 21 17 38 102 18 2 14 4 18 46 56 102 120 670_____________
20 33 53 24 19 43 96 19 0 5 6 II 4.8 56 104 115 I73. ___ ~________

8 21 29 27 18 45 74 16 0 4 7 II 47 56 103 114 076_________ • ___
23 12 35 22 24 46 81 15 0 7 7 14 48 56 104 118 0

10 percent
79_____________

26 5 31 22 20 42 73 5 0 4 5 9 4.8 59 107 116 0
~.----.------- 34 9 43 22 18 40 83 5 0 9 5 14 50 58 168 122 285. ____________

29 18 47 25 17 42 89 6 0 10 8 18 48 58 106 124 188_____ • _______
23 22 45 30 18 48 93 7 0 20 4 24 48 63 III 135 191. ____________ 34 30 64 26 15 41 105 7 0 13 7 20 46 63 109 129 194_____ •_______
24 20 44 30 24 54 98 7 0 13 7 20 49 61 110 130 097__ • ___ • ____ •• 25 27 52 31 30 61 113 9 0 6 10 16 51 61 112 128 2100_ • ___ •• _____ 44- 22 66 30 28 58 124 7 2 18 II 29 53 58 III 140 2103 _____ •• _._._ 34 26 60 39 29 68 128 9 0 24 7 31 54 60 114 145 1106. _______ •••_ 33 24 57 43 32 75 132 9 0 6 12 18 54 60 lI4 132 2109. _• ______• __ 21 27 48 46 32 i8 126 II 0 2 16 18 58 57 lI5 133 2112. ___ • ____ • __ 13 26 39 49 30 79 118 II 1 10 11 21 61 57 118 139 1115 ________ ••__ 30 24 54 49 30 79 133 II 0 14 4 18 63 64 127 145 1118_______ ._. __ 32 21 53 46 30 76 129 10 0 27 3 30 60 64 124 154 4

60 p<!rcent
121 _________• __

26 17 43 47 33 80 123 49 0 14 8 22 58 54 122 144- I124 ____________
20 19 39 19 24 43 82 31 0 24 7 31 58 63 121 152 3127 ___ • _____ • __ 47 15 62 10 16 26. 88 21 0 II 10 21 54 65 119 140 3130 _________ • __
50 21 71 5 13 18 69 19 0 17 9 26 56 64 120 146 5133_________ • __
48 47 95 5 8 13 168 30 0 15 11 26 55 64 119 145 2136_________ • __
58 42 100 8 6 14 114 28 0 5 14 19 55 66 121 140 2139_________ • __
61 44 105 7 7 14 . 119 29 0 8 11 19 58 64 122 141 3142____________
33 41 74 7 7 14 88 27 1 6 8 14 60 64 124 138 0145. ___________
26 25 51 9 9 18 69 22 0 25 7 32 57 61 118 150 214.8. _________ ._ 14 25 39 12 9 21 60 23 0 13 7 20 57 62 119 139 1

76 percent
151. ___ • _______

24 12 36 9 6 15 51 21 ·0 7 2 9 57 66 123 132 2154 _____ • ______
23 9 32 1 3 4 36 9 0 9 6 15 55 63 lI8 133 5157 ____________
12 22 34 1 3 4 38 20 0 8 6 14 56 60 116 130 3160____ • _______
13 8 21 3 2 5 26 9 0 14 5 19 55 56 III 130 7163_ •• _________
12 12 24 2 2 4 28 12 2 14 5 19 53 55 168 127 4166_ • _______: __ II 2 13 1 2 3 16 3 0 17 7 24 52 54 106 130 2169_ • __________
0 10 10 0 2 2 12 9 0 20 9 29 53 53 106 135 2172_________ • __
0 0 0 2 1 3 3 2 0 7 8 15 55 53 168 123 1

I Not listed separately; Included In" tota!."
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TABLE 3.-Triweekly data on population compositioll and catch under ezp/{)itatioll in test (B) and control (D) populations

[Numbers listed are before removals at the Indicated percentage rates. Categories" fry" and" immature" defined in text. section Maintenance and Exploitation
Procedures and Equipment]

Population B Population D

Exploitation
rate and Juvenile Adult Juvenile Adult

week No. Orand Catch Natural Orand Natural
total deaths total deaths

Fry Imma- Total Male Fe- Total Fry Imma- Total Male Fe- Total
ture male ture male

-----------------------------------------------
IS perunt

40_____________ (I) <') 13 47 74 121 134 32 0 (lj (Il 21 53 60 113 134 0
43_____________

(I) <') 35 35 53 88 123 24 2 <') (') 36 55 61 116 152 0
46_____________ 5 9 14 26 44 70 84 19 0 (') (I> 34 57 61 118 152 1
49 _____________ 2 5 7 22 34 56 63 15 0 5 12 17 59 61 120 137 0
52_____________ 13 2 15 19 27 46 61 13 0 5 6 11 61 65 126 137 0
55 _____________ 32 1 33 15 19 34 67 9 2 11 5 16 62 66 128 144 0
68 _____________ 95 8 103 12 14 26 129 8 0 15 6 21 62 65 127 148 0
61. ____________ 103 28 131 8 11 19 150 11 0 14 2 16 62 68 130 146 0
64 _____________

73 45 118 17 8 25 143 18 1 7 2 8 63 69 132 141 0
117 _____________ 33 53 86 29 10 39 125 23 0 6 3 9 57 69 126 135 3
70_____________

19 39 68 34 21 55 113 23 0 4 5 9 59 69 128 137 0
73 _____________

22 26 48 32 20 52 100 19 0 9 5 14 59 68 127 141 0
76 _____________ 32 10 42 30 26 56 98 17 1 9 6 15 56 70 126 141 1

10 percent
79 _____________ 45 17 62 25 22 47 109 7 0 1 7 8 55 72 127 135 182_____________

45 26 71 25 21 46 117 8 0 8 7 15 56 72 128 143 0
85 _____________ 43 34 77 31 25 56 133 9 1 4 6 10 511 72 128 138 0
88_____________ M 40 94 28 23 51 145 9 0 5 7 12 57 72 129 141 0
91. ____________

68 46 104 29 20 49 153 10 0 6 6 12 56 71 127 139 194 _____________
41 32 73 45 27 72 145 10 0 6 7 13 57 71 128 141 097 _____________
24 39 63 45 27 72 135 11 0 7 7 14 55 70 125 139 2

100____________
2 46 48 47 29 76 124 12 0 8 9 17 52 73 125 142 3

103 ____________ 13 21 34 M 37 91 125 11 0 15 12 27 M 72 126 153 2
106____________

9 8 17 53 41 94 111 10 0 10 11 21 55 73 128 149 1
109____________

3 2 5 50 41 91 96 10 0 7 10 17 55 77 132 149 4
112____ •• ______ 8 1 9 46 35 81 90 9 1 ~3 6 19 68 79 135 1M 0
115. ___________ 30 0 30 42 30 72 102 7 0 9 7 16 56 81 137 153 1
118•• __________ 56 3 59 37 28 65 124 7 0 12 7 19 56 79 135 1M 0

60 Ptrctnt
121. ___________ 53 23 76 34 25 59 135 41 1 7 9 16 55 77 132 148 4
124 ____________

52 24 76 22 13 35 111 29 0 14 11 25 56 80 136 161 1
127____________ 41 37 78 16 11 27 105 32 0 7 10 17 M 82 136 153 3
130 ____________ 59 31 90 16 8 24 114 27 0 10 11 21 51 79 130 151 7
133____________ 43 44 87 11 7 18 105 31 0 0 13 13 48 79 127 140 5
136 __________ ._

39 37 76 12 8 20 96 28 0 2 9 11 49 79 128 139 1
139____________ 19 29 48 10 12 22 70 26 0 11 8 19 47 79 126 145 1
142____________

26 18 44 11 9 20 64 19 0 7 5 12 44 79 123 135 2
145____________

35 18 53 6 7 13 66 16 0 8 5 13 34 79 113 126 10
148____________ 22 26 48 5 8. 13 61 20 0 2 5 7 32 77 109 116 7

76 percent ..
151. ___________ 24 20 44 9 5 14 68 26 1 5 3 8 30 72 102 110 9
IM ____________

13 24 37 4 3 7 44 23 0 10 3 13 29 70 99 112 I
157 ____________ 11 10 21 3 3 6 27 12 1 17 2 19 25 68 93 112 5
160____________

7 9 16 3 1 4 20 9 1 30 4 34 24 66 90 124 3
163____________

0 5 5 2 2 4 9 7 2 31 13 44 25 64 89 133 4
166____________

0 0 0 1 1 2 2 1 0 29 16 45 26 61 87 132 6
169____________ 0 0 0 1 0 1 1 1 0 22 19 41 27 63 90 131 3
172____________ 0 0 0 0 0 0 0 0 0 10 17 27 30 64 94 121 4

I Not listed separately; Included in "total."
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FIGURE 6.-Triweekly population and catch weights during exploitation period. Test populations (.4 and B) paneled
with their respective controls (e and D). Percentages shown are triweekly exploit.ation rates.

compared with th~ controls (0 and D). Because
of the random method of selecting the fisl~ for
removals (described under Maintenance and
Exploitation Proc.edures and Equipment) this

'·could not have resulted from selective "fishing."
Since it is possible t.o recognize males as mature
at. a somewhat earlier age t.han females, the
apparent preponderance of males in the exploit.ed
populations may result merely from t.he younger
average age in these populations as compared wit.h
t.he unexploited controls (figs. 4 and 5).

The control populat.ion 0 exhibited a st.rong
t.endency to stabilize at. a 50-50 sex ratio, with
only minor deP8:rt.ures from t.his after week 97.
In control population D, however, there was a
decline in percent.age of males with apparent

stabilizat,ion at about 30 percent. This seems not
t.o have affect.ed t.he ability of t,he st.ock t.o main­
tain itself, since comparable .(0 and. D) population
sizes remained close t.o identit.y with respect bot.h
to numbers (fig. 2) and t.o weight (fig. 3).

The above findings are at variance with those of
BredeI' and Coat.es (1932), who observed a st.a­
bilized sex composit.ion of one-third males in
three different. laboratory populat.ions of guppies.
They attached considerable significance to t.his
proport.ion, believing it. t.o be eharact.erist.ie of
artificial populations of the species. In a lat.er
work, BredeI' and Coates (1936) found t.hat.
t.he average proportion of males in the three
populations after 4 years was st.ill one-third,
although t.his varied considerably from winter to
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TABLE 5.-Percentage of male fish in mature portion of
experimental populations during exploitation period

TABLE 6.-Triweekly mean and extreme water-bath temper­
atures (for week listed and previous two tveeks)

To determine whether this temperature fluctu­
ation had an effee.t on population 'size, the recti­
linear, con'elation coefficients were calculated for
the regression of population G and D mean
weights on triweekly mean temperatures starting

Percenta5e male lor percenta5e male 101'
Week

popu ation
Week ' popu ation

No. No.
.4 B C- D .4 B C D

------------. -----------
40________ 55 39 44 47 109____ ._. 59 55 50 4243____ • ___ 57 40 43 47 112___ • ___ 62 57 52 4146________ 62 37 45 48 115_,______ 62 58 50 4149________ 64 39 43 49 118____ ••. 60 57 48 4152_____ • __ 59 41 44 48 121.. ___ •• 59' SS 48 42
55____ •• __ 5i 44 45 48 124_______ 44 63 48 4158________ 52 411 45 49 127___ • ___ 38 59 45 4061.. ______ 51 42 45 48 130___ •• __ 28 67 47 3964___ • ____ 56 68 43 48 133_______ 38 61 46 3867________ 55 74 45 45 136_______ 57 60 45 4870___ • ____ 56 62 46 46 139_______ 50 45 48 3773________ 60 62 46 46 142.. _____ 50 55 48 3676____ • ___ 48' 54 46 44 145____ ••• 50 46 48 30i9________ 52 53 45 43 148_~,---- 57 . 38 48 2982___ • ____ 55 54 46 44 151.._,____ 60 64 46 2985___ • ____ 60 55 45 44 154_______ 25 57 47 29
88... _____ 62 55 43 44 157.. _____ 2.~ 50 48 2791.. ______ 63 59 42 44 1&1. ______ 60 75 50 q-_.
94________ 56 62 45 44 163_____ •. 50 50 49 2897 ________ 51 62 46 44 166_____ ._ 33 50 49 30100_______

.~2 62 48 42 169_____ ._ 0 100 50 30
103_____ ._ 57 59 47 43 li2 _____ ~. 67 0 51 32106_______ 57 56 47 43

Change Due _to T~mperature

Malfunctioning _of the thermostatic devices used
in the experiment resulted in considerable varia­
tions in temperature of the water bath in which
the aquariums were kept (table 6, fig. 8). Oc­
casional violent fluctuations within the range
65 0-91 0 F. were of short duration, but even the
triweekly means were not constant.

Temperature· F. Temperature· F.
Week Week
No. No.

Mini· Maxi· Mean Mlni- Maxi· Mean
mum mum mum mum

---------- -----------
40_________ 70.5 79.0 75.3 109__ .. ____ • 68.5 78.5 72.443_________ 68.0 78.0 i4.7 !l2______ •• 68.5 i8.0 71.046____ • ____ .71. ~ 78.5 75.1 !l5______ ._ '68.0 82.0 72.8
49_ .•. _. ___ 71.0 80.0 76.0 !l8_____ • __ 70.0 80.5 72.\'52_____ • ___ 69.0 81.0 76.6 12L ______ 72.0 79.5 72. 655_________ 67.5 91.0 i4.0 124 ________ 71.5 SO. I' 72.458_________ 68.5 80.5 74. I 127.. ______ 71. 5 80.5 72. 9
6L _______ 70.0 i9.0 74.3 130_____ • __ 70.0 85.0 75.3
64.. _______ 67.5 83.5 76. I 133________ 71.0 85.0' 76.3
67___ . _____ 72.0 79.5 75.0 136_____ • __ 70.5 85.0 73.970_________ i4.5 77.5 74.7 139____ •• __ 70.5 8:to 73. 8
73___ . _____ 74.5 77.5 74.6 142____ ._._ 67.5 . 83.5 74.8
7ft ___ • ____ 74.5 79.5 75.9 145___ . ____ 65.5 87.5 74.570_________ 73.0 ii.5 75.2 148_____ •• _ 66.5 84.5 i6.282_________ 72.0 ill. 5 75. 5 151 ____ •• __ 69.0 8i.5 75.0
85___ . _____ 69.0 7A.5 76.6 154.. __ ••• _ 69.0 85.5 74.0
88___ •____ , 69.5 80.0 i6.0 157____ ._._ 68.5 87.0 76.5
91.._._. ___ 66.5 i9.0 75.5 160____ • ___ 68.5 87.5 i6. 894_________ 6i.5 i8.0 i4.9 163___ • ____ iO.O 87.0, 78.7
97 ____ • ____ 67.0 77.5 73.8 166________ 69.5 85.0 75.4
100__ .. ____ 68.5 i8.5 i5.3 169____ • ___ ;2.5 86.5 75. ~
103__ •• ____ 68.5 78.5 75.2 172________ 72.5 78.0, 74.5
\(IIL •. ____ 68.5 79.5 73. 2

3
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2
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o
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2
4
3
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3
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6
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[In grams. Percentages listed arc triweekly exploitation rates. and weights
listed are belore removals at these rates)

TABLE 4.-Triweekl-y population and catch weights

summer in accordance with the length of daylight.
This seasonal variation was eliminat,ed in the
present experiments by the use of .controlled
artificial light, but the reason for the difference in
average ratio between these populations and those
of BredeI' and Coates, and for the difference
between populations 0 and D of the present ex­
periment, is obscure. Genetic differences seem to
offer the most probable explanation.

Shoemaker (1947) found an apparent 50-50
sex ratio at birth in his laboratory populations of
guppies, although the survival rate of males was
considerably less than that of females, leadirig in
a year to a population with about one-fifth males.
Here again the source of this contrast with the
present experiments' is unknown.

Population A Population B Popula- Popula-
tion C tionD

Rate and week No. ---
Total Catch Total Catch Total Total

weight weight weight weight weight weight
-----------

25 percent40___________ •• __ • __ 23.3 6.0 3O.11 8.0 23.3 29.4.1 __ •• _______ • ______ 19.7 4.9 23.5 5.0 24.0 29.46__ ' _____ • _________ 18.0 3.7 22.0 5.6 26.M 31.49__ • _______ • _______ 17.6 4.4 19.6 5.6 29. I 33.52________ • _________ 16.9 4.1 17.5 4.5 30.5 34.55 ________ ' _________ 16.3 3.5 16.0 4.0 32.3 35.58 ________ . _________ 15. I 3.5 14.2 3.1 31.8· 35.61. _. _• ______ • _. ____ 14.7 3.8 13.6 3.5 32.3 35.64 __ •• ______ • _______ 14.0 3.3 13.3 3.5 32.2 35.67 __ • ____ • __ •• ______ 14.8 3.3 14.8 3.7 30.9 33.70 ________ .. __ • _____ 14.7 2.M 14.7 3.6 31.1 33.73 ___ ' __ '_' _________ 15.0 3.0 14.8 3.4 30.6 33.i6 _______ •__________ 14.9 3.9 14. I 3.8 31.0 32.

10 percent79 _____ • _________ • __ 13.3 1.4 13.3 1.5 31.5 32.82.• __ • _________ • ___ 14.9 2.1 15.6 1.9 . 31. I 32.85 ______ • ___________ 15.5 1.9 16.2 1.9 30.6 32.88 ______ •___________ 15.0 2.0 16. I 2.1 30.5 32.
91. ____ .'___________ 16. I 1.7 16.2 2.3 30. i 31..94 ______________ • ___

16.6 1.5 li.5 2.2 30.9 32.97 __________________
IS. 0 1.9 18.6 1.9 31.8 31.

lOll. ___ •• ______ '" __ 17.5 I.i 20.9 2.3 31.6 al.103_____ • ______ • __ ._ 19.4 1.2 22.0 2.4 31. R 32.106___ • _______ •• ____ 21. 2 2.0 22.6 2.8 32.8 33.109__ • ________ •••• __ 23.0 2.0 23.6 2. i 34.5 34.112 __ • _" _~_________ 23.2 2.6 23.7 3.3 35.4 34.115____ " ___________ 23. 5 2.9 21.4 1.9 a.~ 8 35.118 __ • __ ._. _________ 22.9 3.0 21.5 2.2 35.3 35.

50 percent
12L ___ • _______ ._ ••. 23. 5 11.2 21. 9 10.2 35. 9 35.
124 ___ •• ______ •••• __ 15.3 7.0 14.9 7.0 35.8 35.127___________ ._. ___ 11.9 5.2 12. I 6.8 36.0 35.130_____________ • ___ 11.2 5.7 9.4 5.3 35.5 34.133__________ • ______ II.I 5.11 9.2 4.a 35.4 ~4..
136_ • __ • ______ ••• ___ 9.6 4.2 10.0 4.8 35.9 34.139___ • _________ • __ . 9.0 4.3 8.5 4.2 34.9 34.142_________________ 8. I 3.5 6.9 3.5 34.4 33.
145___ • ________.' _. _ 7.2 3.9 5.4 2.6 31.9 30.148_________ • _______ 7.0 3.5 6.2 2.8 31.8 29.9

75 percent
151. ._ •• ___ ._ •• _____ 5.2 3.4 5.3 3.7 31.5 26.
154 __ •• ___ •• _. _•• ___ 3.0 2.1 4.5 2.9 30.3 26.5157___ ••• ________ • _. 3.3 2.4 2.0 1.2 29.2 26.
160____ • ________ •••• 1.9 1.2 2.2 1.7 29.0 26.
163____ .' _________ ._ 1.8 1.2 1.3 1.1 28.5 26.1116 __ ., •• __________ . 1.3 .9 .5 .3 28.4 26.7
169. _._ ••• __________ 1.4 1.0 .2 .2 28.6 27.0172_____ • ___________ .6 .2 .0 . 0 29.4 27.
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FIGURE 7.-Percentage of male fish in mature portion of experimental populations during the exploitation period.
Percentages shown are triweekly exploitation rates.
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performed the work required over 3 years to
observe the effects of 4 exploitation rates, with
continuing and increasing risk of interruption by
accidental experimental failure. It was felt that
a close approximation to equilibrium conditions
would obtain when a given exploitation rate had
been maintained long enough so that there were
no longer significant unidirectional changes in
population composition. Observation of such a
eondition for a period of 6 weeks was the criterion
for changing to another exploitation rate. Histo­
grams (figs. 9 and 10) of the populations divided

FIGURE 9.-Histograms of composition of population A
during "equilibrium" period at each triweekly percentage
exploitation rate. Week numbers given in each panel.
"Removals" refers to cropping at point indicated by
broken line.

with week 40. The values, -0.5629 for 0 and
-0.5316 for V, with values of P both less than
.01, indicated a significant negative corrE.'lation of
population size with temperature. Apparently
continued temperatures much above 72 0 F. have
an inhibiting effect on survival and growth (Gibson
and Hirst, 1955, observed maximal growth of
guppies in fresh water at 23 0 .C. or 73 0 F.),
reproductive rate, or some combination of these
variables. A similar effect was observed by
Shoemaker (1947), whose laboratory populations
of guppies experienced a temperature range almost
identical to that reported above. He suggested
that reduced oxygen at the higher temperatures
might be partially responsible.

The correlation between temperature and pop­
ulation size is rather mild, the squared coefficients
indicating only about 30 percent of the fluctua­
tions associated with temperature. The major
portion of the periodic changes in size of the con­
trol populations must be ascribed to some factor
as yet unknown. Similarity of the temperature
correlations for the two populations does suggest
that the electrically stirred water bath was
efficient in maintaining uniform temperatures
among all four aquariums.

EQUILIBRIUM YIELDS

Definition of Equilibrium

A rigorous definition of "equilibrium" in an
exploited population would require that all vital
rates, recruitment, growth, fishing mortality,
natural mortality, be constant or fluctuate in a
perfectly regular manner. In such a population
the season-to-season age, size, and sex composi­
tion would be absolutely unvarying, and the yield
would of course be constant. It is extremely
unlikely that such a condition would ever obtain
in any natural population, even if the fishing
rates were held constant" for fluctuations would
be imposed by changes in such aspects of the
environment as food supply and tE.'.mperature.
Even under laboratory conditions it is hardly
possible to control every known source of varia­
tion, and there are probably some that, are
unknown. Thus only by observations over a
very long period of time could average values for
the "equilibrium" constants be obtained.

In the present, experiment it has been necessary
to forego such long-term observations. Even as

4li6438 0-58--3
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TABLE 7.-Eqltill:bri1On 'yield, ,mean of POptllatl:ons A, and
B, as re-lated to triweekly and instantane-olts exploitation
rates, and to population mass '

,presumed effects of this on the yield curves will be
discussed below.

Whatever question may be raised as to the
closeness of the' approximation to equilibrium
yields obtained, by application ..of ·the "6-week"
criterion, it remains true that the test of this or
any analytical procedure lies in t,he consistency of
the results. The reader may judge, this for him-
self in the data presented below. '

Relation Between Rate of Exploitation and Yield "

Comparison of yields of the two test populations
(fig. "11) shows that' they are almost identical' at
each exploitation rate. Application of the t test
indicat:es no significant difference (P approxi­
mately 0.2) and averaging of the yield data 'was
therefore justified. The resulting mean yields
(fig. 11) gave a more consistent representation of
the relation between exploit,ation rate and yield
than did the data fOf the indiviclual popi.I1ations.

The empirical relation between raJ-e of exploita­
tion and yield (table 7, fig. '12) is reminiscent of a
parabola, but considerable' experimentatiQn did
not reveal it to conform to any simple matl).e­
matical formula. I A difficulty arose in locating
the 'second intersection with the x axis. Since the
populations were extin'guished' at the 75-percent
rate, it was known that yield there was zero. It. is
possible, however, that the' point of zero yield
might be reached anywhere between the 50- and
the 75-percent rate. Thus the intersection has

'been bracketed but not, located (and is so indicat,ed
in fig. 12).

By" transforming percentage exploitation rates
to instantaneous (Ricker 1948) rates (table 7, fig.
13) the 'yield curve derived herein may be com-
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FiGURE lO.-Histograms of composition of population B
during "equilibrium" period at each triweekly percentage
exploitation rate. Week numbers given in each panel.
"Removals" refers to cropping at point indicated by
br,oken line.

Exploitation rates,

into the categ01'ies "fry," "immature," and "adult"
(as defined under Maintenance and Exploitation
Procedures and Equipment) for the 6-weeks
period' preceding each change in exploitation rate
ind~cate reasonable conformance to the criterion,
but it is possible to question the establishment of
equilibl'ium at the 50-percent rate. If, in fact,
equilibrium did liot exist at this level, the continued
application of ~,hat rate would result in extinction
just as occUlTed under the 75-percent rate. The

Triwee.kly (percent)

10 __ • _
25 • :
M . _
;5_ 4 •• __ ._ •••••••• • ••• _

I Dr. M. B. Schaefer has shown that if cQuilibrium yield be divided by
instantaneous rate ofexploitation, and this ratio plotted against instantaneous
rate of exploitation, a relativcly simple curvc will result. Such a curve could
be fitted by a polynomial, but for the purposes of this report the calculation
does not seem justified. Extrapolation of a curve fitted by eye indicates
population extinction at a weekly exploitation rate of about 59 p,errent.
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FIGURE 11.-Yield in weight of test populations under exploitation. Percentages in upper panel are t.riweekly exploitation
rates.

pared with those of Beverton and Holt (1956,
fig. IX: 22) which relate theoretical annual yield
of North Sea haddock populations to the instan­
taneous fishing rate (F). In these curves, account
has been taken of the dependence of both recruit­
ment and growth on population density, making
the mathematical models involved closely similar
to natural populations. This similarit,y is vali­
dated by the close resemblance of Beverton and
Holt's curve "8" to the guppy-yield curve, a
resemblanee the more remarkable when one con­
siders the tremendous differenees between the
aquarium populations of guppies and the North
Sea populations of haddoek. We have here an
example of the interplay of hypothesis and experi­
ment.. characteristic of scientific research;

If yield is compared with mass of population
(table 7, fig. 14) the results are comparable to the
derivative form of the Verhulst-Pearl logistic, as·
discussed by Schaefer (1954). In this eurve the
second intersect,ion of the x a.....is was taken to be
the mean asymptotic level of the two control'
populations: (C' and D) under the assumption that
this level would prevail in the test populations
under zero exploitation. Comparison of the mass
(weight) eurves of the test and control populations
(A with G, B with D, fig. 3) during the pre­
exploitation period (weeks.6-10),lends support to
this assumption. . .

It is obvious that the guppy eurve does not con­
form to the logistic; since it departs from sym­
metry more t.han could be ·attr~buted to random
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variation or experimental error. It does, how­
ever, have enough features in common with the
logistic to lend support to Schaefer's basic theory
regarding the effect of changes in fishing intensity
on fished stocks. He himself points out "that
in at least some populations of fishes, the curve is
actually somewhat asymmetrical."

It is pertinent to note here that the equilibrium­
yield-on-mass curve of the population under ex­
ploitation, even if symmetrical, cannot be expected
to conform to t.he derivative of the initial popula­
tion-growth curve. The reason for this lies in the
fact that the growing population has a different
composition with respect to size, age, and maturity
than the mature population under equilibrium
conditions.

In general, all three of the treatments of the
equilibrium-yield data discussed above have
verified the contention of Sette (1943b) that "A
population has its maximum increase when it is
neither at its maximum, nor minimum, size, but
when middling in size; and that is the level at
which the most individuals ean be regularly re­
moved and still be fully replenished by t,he popula­
tion's inherent tendeney to grow." The empirical
curves indicate that· the maximum equilibrium
yield for the guppy populations would oecur at

triweekly exploitation rates between 30 and 40
percent, with population mass at between 8 and
12 grams. If, as indicated above to be possible,
50 percent rather than 75 pereent represents the
real extinction rate, the maximum-yield findings
would be the same although the curves would be
more asymmetrical than shown here.

It is of interest to calculate the rate of food eon­
version at the maximum equilibrium yield. The
maximum of the empirical yield curves depends
somewhat on the subjective fitting by inspection,
but the maximum observed yield was 3.5 grams
per 3-week period. The amount of food consumed
per such period (as detailed under Maintenance
and Exploitation Procedures and Equipment)
was 17.1 grams. The indieated efficieney of food
conversion is thus 20 percent. Modern hatchery
practice yields "conversion ratios" (pounds of
food per pound of fish produced) of 2.35 to 4.95
for salmon (Burrows et aI., 1952), equivalent to
efficiencies of 42 and 20 percent, respectively.
Data of Markus (i932) indicate an effic.iency of
23 percent for largemouth bass. The results for"
the guppy populations are thus close to those re­
corded for other species.

Comparison of the efficiencies of food eonversion
at the three nonlethal exploitation rates indicates
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TABLE 8.-Triweekly catch, effort, catch per unit of effort,
,!nd population size of e;r.plQited populations

(Effort units explained in text]

.. ~

Population .-.t Population B Population.

Week Effort
'Catch I Catch INo. (units.! Catch! Catch Catch! C.

(grams\ unit (grams) unit (grams) u
(grams.! (grams) 19l'_ ..- ---------------- -

40________ 2.5 6.0 2.40 8.0 3.20 14.043,, ______ 2.5 4. P 1.96 5.0 2.00 9.946_______ . 2.5 3.• 1.48 5.6 2.24 9.349________ 2.5 4.4 1. iR 5.6 2.24 10.052________ 2.5 4.1 1.64 4.5 1.80 8.655________ 2.5 3.5 1.40 4.0 1.60 7.558________ 2.5 3.5 I. 40 3.1 I. 24 6.661. _______ 2.5 3.8 I. 52 3.5 I. 41'1 7.364________ 2.5 3.3 1.32 3.5 1. 40 6.867________ 2.5 3.3 1. 32 3.7 1.48 •. 0
70_____ ••• 2.5 2.8 1.12 3.6 1.44 6.4.3________ 2.5 3.0 1.20 3.4 1. 36 6.4;ft _______ 2.5 3.9 1. 56 3.8 1. 52 P79________ 1.11 1.4 1. 40 1.5 I.IiO 2.9
82_____ .. 1.0 2.1 2. JO 1.0 1.90 4.085________ 1.0 1.9 1.90 1.9 1. 90 3.888________ 1.0 2.0 2.00 2.1 2.10 4.1
91.. ______ 1.0 1.7 1.'i'II 2.3 2.30 4.094.0 ______ 1.0 1.5 1.50 2.2 2.20 3.79.________ 1.0 1.9 1.90 1.9 1.90 3.8100_______ 1.0 1.7 1:70' - 2.3 '2.30 4.0IOL _____ 1.0 1.2 1.20 2.4 2.40 3.6106_______ 1.0 2.0 2.00 2.8 2.80 4.8109_______ 1.0 2.0 2.00 2.7 2.70 4.7112.. _____ 1.0 2.6 2.00 3.3 3.30 5.9115.. _____ 1'.0 2.9 2.90 1.9 1.90 4.8
118__ .. ___ 1.0 3.0 3.00 2.2 2.20 5.2
121.. _____ 5.0 11.2 2.24 10.2 2.04 21. 412-1.. _____ 5.0 •. 0 1: 40 7.0 I. -III 14.0127.. _____ ,5.0 5.2 1.04 6.8 I. 36 12.0130_______ 5.0 5.7 1.14 5.3 I. 06 11.0
133___ .. __ 5.0 5.6 I. 12 4.3 .81\ Y.9
136_______ 5.0 4.2 .84 4.8 .96 9.0
139.. _____ 5.0 4.3 .86 4.2 .84 8.5
142__ , ____ 5.0 3.5 .70 3.5 . iO 7.0
145_______ 5.0 3.9 .78 2.6 .52 6.5
148___ : ___ 5.0 3.5 . ill 2.8 ..;6 6.3
151.._____ 7.5 3.4 . 45 3.• .49 7.1
Ut4:._"_____ 7.5 2.1 .28 2.9 .39 5.0
15'--_____ 7.5 2.4 :32 1.2 .16 3.6100_______ •. 5. ' '1.2 .16 I.i .23 2.9163_______ 7.5 1.2 .16 1.1 .15 2.3
166_,______ i.5 .Y .12 .3' .04 1.2169_______ 7.5 1.0 .13 .2 .03 1.2
172________ i.5 .2 .03 -0 0 .2

Size Composition of the Catch

Becaus~ of 'the conven'ienee with which fish
sampled' fr~m the eOlmi;ereial cat~h cun ,be meas­
ured, length ,composition of the eateh is probably,
the seeond (next to. eatchp,er unit of effort.) most
common t.ype of observation available ~,o fishery
biologists f1.nd' administrators. Si,ze-composition
data have been widely used in fishery administ.ra­
t.ion, ll,nd, sueh data were gat,hered during the
pr~sent experiment t.o' deternline the extent. t.o
which they ~'eflect cqaI)ges in population size arid
other, ,population. eharuct.eristics rela~,ed t.o
exploitat,ion., . ,

All tish removed, during the cropping procedure
were measured, and' t~e length frequencies wer~
compile~., The numbers of fish -involved we.re too
smaJ! to 'permit detll,iied' 'analysis of the distribu:=:
tio'ns,s~dl,a~ aceurate'iocatloll o.f illoqes,.or flt,t.ing
o( .~Or.~lll~.~ e}lryes: ,but the. plea.n. :l~n~t,hs at ,each'

INFORMATION FROM CONVENTIONAL
MEASURES

that exploitation rates in the range of 25 'to 50 '
percent are most efficient, converting about 20
percent of the food consumed into available fish
flesh. Efficiency fOi' the lO-percent. exploitation
rat.e was only 15 percent. '

Catch Per Unit of Effort

In most commercial-fishery investigations,
direct data on population size are not available.
Because knowledge'of this statistic leads to calcula­
tion of rate of exploitation, and to observation of
the effects of vllJ'ying exploitation rates, it is
highly desired by fishery administrators. In the
experimental populations, therefore, it. is of
interest to see how closely the ~alculated catch
per unit of effort reflects the ,known populntion
SIzes.

In calculating catch pel' unit, it ,vas assumed
that the amount of effort was directly proportional
to the annual percentage exploitation rate' applied,
as would be true in a fishery where there were no
cOl:npetit.ion between units of gear. Thu,s the
lO-percent exploitation rate was equated to 1 unit,
of gear, 25 pel'cent to 2.5 units, 50 pel'eellt to 5,
and, 75, per-cent to 7.5. Division Qf the known
catehes (table 4) by the assumed. ~ffort units'
compl~ted the caleulat,ion. In this type ,~f

ealeulation eat!?h per unit is by definition propor­
tiono,l to ,stock size, and would be exactly one­
ten~,h the population weight, were t.he percentage
exploitation 'rates· applied, OJl a weight basis.
Since- .the ra,tes were a.pplied on the l>asis, of
mJm,be~s, some divergenee. between exp.ected and
actual..weight caught per unit is possible.
,T~e empjrical curve of catch per unit. of effort '

(table 8" fig. 15) shows, that. this measure does
corr,espond to one-tenth the p~pulation we:ight,
except (luring' the period of the lQ-percent ex­
ploitation rate, where there appears to l:J,ave been
a selection against t.he larger ,fish. In view of the
method of selecting the fish for erppping, this is
diffl.cu~t, ,.1.0 understand" 'and no explaIlat,ion is '
offered..,Neyertheless" the, eatch. per unit. of
effort g~ves a good description of the major ehanges
in population weight.. In praetiea~ fisheries -ther~

are many sourees of errol' in me.asuring both <;.atc;.h­
und effort, and ~l:J,e expel'iment ean, of cQurse, sh~d
no .light Qn these. , '
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FIGURE IS.-Triweekly cat.ch per unit of effort aud population size of exploit.ed populations. Percentages in tOll pane
indicate triweekly exploitation rat.es;

cropping were c.alculat,ed (t.able 9). Wit.h t.he
exception of the last. few weeks of t.he experiment"
when 'numbers measured were too small (under 10
fish) t.o give r.eliable results, the ChllJ1ges in mean
length (fig. 16) roughly paralleled those in popula­
tion size (fig. 15). This is in accordance with
expect.ation, since stocks that are "fished down"
will normally consist .of smaller fish than those
that are at ,01' near asymptotic abundance.

Catch, Catch Per Unit, and Size

A pertinent question is: "What.- could the intel­
ligent fishery administmtor have learned about the
populations under. exploitation, from It st.udy of
conventional fishery' dat.a?"· In an at,t,empt t.o
answer this, t.he t.hree series-catch, catch per
unit of effort, and average lengt.h· of individual
fish in the catch-were brought ·together for ex­
amination (fig. 17). Data from the two ex­
ploited populations 'were combined. in order to
eliminate some of the va.riability not related to

exploit.ation rates, inasmuch as previous e0111­

padsons had revealed t.he series for populat.ions A
and B to be similar in their essential features.

The start of a virgin fishery at the 25-percent
exploitation rate was followed by the inevit.able
decline in both catch and catch per unit, reflectiBg
a. real decHne in populat,ion size (fig. 15). After
week 58, however, relative stabilft,y prevailed and
indicat.ed that the stocks could st.and the dminof
the fishery being imposed upon t.hem. The de­
crease in·catc.h at. the lO-pel'cent rate.might have
"been. viewed wit.h alarm" were not the .catch .per
.unit and average-length measures ava.ilable.
These; however, showed that. the population ;was
act,ually increasing in mass and in· average. size
of· individual fish·. Data from the previous
history of t.he fishery (35-percent rate) would indi:'
cate that the 10-percent exploitat.ion rate· did
not ut.ilize the full productivity of . the· stocks, ~ ,;',

The sharp deeline in catch, catc.hper:unit;>and
average lengt,h after imposition of ,the 50-pe~'cent
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TABLE 9.-Number and mean le,~gth of fish cropped, by
ind':l'idual croppings, popltlations A and B, and mean of the
two

_.

Population A. Population B Population A.
andB

Week No. ----
No. Mean No. Mpan No. I Meanlength length length

-- --------
Mm. Mm. Mm.40 ________ . _____________ 22 2ll.5 32 27.6 54 28.043 _______ . ______________ 21 26.3 24 25.9 45 26. 646_. ___ . _______ . ________ 25 23.6 19 28.3 44 25.749_. ____ , ____ . __________ 20 25.4 15 31.3 35 28.052 _________ ., __ . __ • _____ 20 24.5 13 28.7 33 26.255 ______________________

15 26.3 Q 32.2 24 28.558______________________
16 24.3 8 30.1 24 26.361 •• __ . _________________ 13 27.5 11 27.0 24 27.364 _________ . ____________
16 24.1 18 24.0 34 24.167 ______________________
18 23.2 23 22.4 41 22. 870 ______________________
19 23.0 23 23.1 42 23.173 ______________________
16 24.3 19 25.0 35 24. 676 ______________________
15 26.0 17 26.2 32 26. 279___________ • __________ 5 28.0 7 24.8 12 26. 282 _________ . ____________ 5 30.8 8 26.8 13 28. 485______________________
6 27.4 9 26.0 15 26. 688_. ______ . _____________ 7

26.1 I 8 27.0 1.5 26.691. ____ .. _______________ 7 25.0 10 25.9 17 25.594 __________ . ___________
7 25.8 10 26.0 17 25.997______________________
9 26.0 II 24.3 20 25.1100____ . ________________ 7 26.8 12 25.0 19 25.7103__ • _________________ • 9 22.0 II 26.6 20 25.0106__ • _______ . _________ • 9 25.7 10 27.6 19 26.7109__ • _________________ • 11 24.0 10 28.1 21 26.0112__ • _______ . __ . _______ 11 25.6 9 30.5 20 27.8115_ ._. ____ .. ___________ 11 27.2 7 27.2 18 27.3118_. __________________ 10 28.1 7 28.8 17 28.4121.. ____ . ______________ 49 26.4 41 25.9 90 26.3124_____ . _______________ 31 25.5 29 25.5 60 25.5127. ____________________ 21 25.3 32 24.1 53 24.6130. ______________ .. ____ 19 23.7 27 23.7 46 23.8133_____ . ____________ .• _ 30 23.3 31 22.0 61 22.7136. _____ . ____________ ._ 27 22.2 30 23.9 57 23.1139___________________ ._ 29 22.1 26 23.0 55 22.6142___ . _________________ 27 22.3 19 24.1 46 23.1145___ •_________________ 22 23.2 16 21.8 38 22.7148. __ • _________________ 23 22.3 20 21.1 43 21. 8151. • _. _________________ 21 23.1 26 22.1 47 22.6154_____________________
9 22.7 23 20.8 32 21. 4157. __ .. _. ______________ 20 20.9 12 20.6 32 20.8160_. ____ . ______________ 9 20.7 9 23.6 18 22.2163___ ... _______________ 11 19.5 7 22.8 lR 20.8166___ .. ______________ • __ 3 26.0 1 25.0 4 25.8169_. _.. ______________ • __ 9 21.3 1 24.0

I
10 21.6172__ ... ______________ • __ 2 22.5 0 0.0 2 22.5

rate most resembles the situations that have
caused alarm among those concerned with real
fisheries. Inspection of the equilibrium-yield
curve (fig. 12) indieates that the 50-percent rate
was indeed somewhat past the point of maximum
return. If the history of the cat.rh under the 25­
percent rate were available, it would have become
obvious at a.bout week 142 that nothing was being
gained by the additional fishing effort being put
forth, and the fishery could have been cut back to
an intermediate level in an attempt, to secure a
bett,er yield at less cost. If the fishery had been
start,ed at the 50-percent level, the data would be
difficult. to interpret, but such a situation is un­
likely among actual fisheries, which practically
always start small and gradually increase. The
value of obtaining as complet,e biological data as
possible from the inception of a new fishery is
sharply pointed up.

Finally, it is of interest to know whether the
doom of the stocks at the 75-percent rate could
have been foreseen. Certainly, if the previous
history of the three measures were available, it
would have become quickly apparent that the
additional effort was not only depressing popula­
tion size and average fish length, but was actually
decreasing the catch. Under such circumstances,
even the most optimistic fishing industry could
probably be convinced of the need to retrench.

PRINCIPLES OF EXPLOITATION

Fishery biologists may think we presume a
great deal when we venture to generalize for full­
scale commercial fisheries from observations on
our laboratory populations of guppies. True, the
differences are immense between the vast, diffuse
marine populations which form the object of
most of our large fisheries, and the self-contained
populations of guppies in their tiny laboratory
tanks. They seem no greater, however, than the
differences between laboratory populations of mice
or guinea pigs and populations of human beings;
the results of experimentation on the former have
often been successfully applied to the latter,
particularly in fields such as pa~hology, where
experiments with human beings could not be
carried out. With due caution, therefore, we
offer certain applications of our findings to prob­
lems of commercial-fishery conservation. Before
doing so, however, we may well enumerate the
points of similarity and difference between our
laboratory fish populations and the populations
of marine fish upon which commercial fisheries
depend.

It was set forth in describing the procedures and
apparatus of the experiments that these were
deliberately arranged to make them resemble as
much as possible commereial fisheries. The fol­
lowing points of similarity to an idealized marine
fishery may be list,ed:

1. The individual populations were fully inter­
breeding and self-reproducing.

2. There was a finite upper limit, to population
imposed by the food supply, which was held
constant.

3. There was competition for food, both be­
tween individuals of the same size and between
juveniles and adults.

4. Through ca.nnibalism, t,he survival rates were
dependent on populatIon density.
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FIGURE 16.-Me:tn lengths of cropped fish under exploitation, by individual croppings. Percentages in top panel indicate
triweekly exploitation rates.

5. The youngest juveniles were protected in a
separate nursery area.

6. The "fishing" was done at intervals roughly
equivalent to the reproductive period of .the fish.

7. The "fishery" was selective, permitting. t:he
smallest juveniles to escape.

8. All catchable-sized fish were equally vul­
nerable to capture.

The chief differences (other than contl"ol of the
envi.ronment) between laboratory and natural
populations are:

1. The obvious differences in size and number
of fish, and size of the environment.

2. The lack, in some cases, of an approach to
infinite divisibility, such that a single fish may

represent a substantial proportion of population
size and number.

3. The low fecundity of the guppy as compared
with most marine and anadl'omous fishes.

4. The lack of an independent population of
predatory organisms such as preys on the stocks of
many marine fishes.

5. Presence of an exploitation rate high enough
to extinguish the population, which probably
would not be economically feasible in most real
fisheries.

The first category of differences is inherent in
any small representation of a large thing, such as a
ship model or a hydraulic model of a dam. Much
research has been accomplished with such models.
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however, and if the data are properly analyzed,
valuable information is produced.

Lack of infinite divisibility presents difficulties
chiefly in the roughness of dat.a, such as the in­
consistent average lengths obtained near t.he end
of the experiments for the exploited populations.
Tnaeeuraries }'esulting from this souree should not
be sel'ious.

Low fecundit.y might he expected to present one
of the most important.sourees of diffieulty in
applying the guppy results to eommereial-fishery
problems. Broods obtained from individual fe­
males by Silliman (1948) averaged about 20 fish
each, as compared with the many thousands of
eggs produced by marine species. Since the guppy

is a live-bearer, however, the newborn young
fish is a viable free-swimming organism, with con­
side.rably better chances of survival than the
pelagieegg of marine species.

It would be diffieuIt. to sa.y what, la.rval size in
marine fish is eomparable in viability to the new­
born guppy, but the treme.ndous mortalities
suffered by marine pelagjc eggs and larvae are
nota.ble.FoI' inst.llllee, in the Pacific sardine,
which is thought t,o lay 100,000 or more eggs per
season, only about 100 larvae survive from 100,000
eggs after 40 days (Ahlstrom 1954); in the Atlan­
tic mackerel, with a produetion of "several hun­
dred thousand" eggs per season, only four 50­
millimet.er ·larvae sUl'vived from each 1 million'
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eggs laid (Sette 1943a). 2 Thus the effective
fecundit,y of the guppy in contributing to recruit­
ment of the catchable stock may be as great as that
of marine species. Indeed, the well-known in­
verse relation between egg number and degree of
parental care (of which live-bearing'is one fOlm)
may well provide just such an adjustment. A
corollary implication of this relation is that the
high fecundity and' low survival rate of marine
species probably make them much more inclined
to violent flucthations in reeruit.ment (and thus
abundance) than the guppy populations.

n is rlifficult to estimate the consequences of the
absence of an independent predatory population.
Certainly in marine fisheries the responses of
populations to fishing' pressures must be modified
too some extent by the ever-present predation of
larger fish, of sharks, or of seals and other marine
mammals, as the case may be. In one manner of
looking at the problem, this can be considered as
another element of: the coilt,rolled environment
in the laboratory p'opulations; the independent
predation has been ,held constant at a value of
zero.

One principle of exploitatioll, already established
theoretically, has been verified by the pi'esent
experiments: that even a low rate of exploitation
causes some change in population size. Thus the
equilibrium mass of the populations exploited at
the lO-pm'cent rate was about one-third less than
the asymtot,ic mass of the unexploited control
populations. It is demonst,rated Lho.t, 0. finding of
simple reduction in population size, is 110t, in itself
a cause for alarm or retrenchment.

A second principle of exploitation is that fish
populations up to a certain level of exploitation are
resilien't, responding to removals with increased
survival and growth rates. This is brought
out strikingly in t,he saw-tooth curves of popula­
tion mass (fig. 2an"d 3), each tooth representing
Lhe reduction due to removals, and the recovery
therefrom. The effect of resiliency in restoring
a population to a highet·, level of abundance after
I"eduction in exploitat,ion rates, i!3 brought out by
the increase in mass ofbot,h 'exploited populations
to an equilibrium level about 50 percent greater
than that prevailing under the 25-percent ex-

, The ~e~r ~lass from which thesc' data were obtaincd WIlS a poor one; and
the indieated survival'rate prObably hclow normal; the mte. however, does
!live ,lit indication of the tremon'!ous moriaHt,;,s suffered in the m,uine en.'
virol1ment.

ploitation rate, after reduction of the rate to 10
percent. An instance of resilience in an actual
marine-fish population was provided when stocks
of' North Sea traw.} fish recovered significantly
during the reduced fishing intensity of World War
II (Margetts and Holt, 1948).

A princ.iple complementary to that of resiliency
is that,if a population of the type considered here
is continuously subjected to a rate of fishing
greater than the maximum rate of replacement
of which the population is capable (at a very low
population level) it will continue to decline until
extinction. Only about 20 reproductive periods
were required to extinguish the guppy populations
at the 75-percent exploitation rate, although it is
true they had already been considerably reduced
by 'application of the 50-percent rate. One needs
to keep in mind here that many natural fish popu~

lations probably could stand fishing rates con­
siderably in excess of 75 percent, and that in
practical fisheries fishing usually becomes econom­
ically infeasible before the extinction rate is
reached.

Perhaps the most, important' principle of ex­
ploitation is that there exists for each population,
somewhere between zero and lethal exploitation
rates, a rate of exploitation at which the ma.."\':imum
equilibrium yield will be produced. This is not a
new 'idea, of course, but the laboratory experi­
ments have provided verification and demonstra­
tion of it. Results reported above indicate that
for laboratory populations under the eontrolled
conditions imposed, with a constant supply of food,
the maximum retuni is obtained under exploita­
tion rates of 30 to 40 percent, per reproductive
period, when' populo.tion mass is at about one-
third its asymptotic level. ' '

In commereial fisheries where the stocks might
reasonably be expected to have reactions similal;
in some' degree to those of the labOl;atory popl~la­

tions, and where catch and fishing effort are the
only data availnble, the ab~ve findings may serve
as 'a very rOligh guicl'e to exploitation. If . the
population size is propmtional to catch per unit of
effort (Sehaefer ,1954) or c.nn be derived from it
(Ric~er, 1940, 1944), fishing 'rates .'which reduce
the size t,o not less than one-third to one-half, its
maximum value, when accompani~dby an inc;rease
in ~~tch, cnn tenta~ively be considered sati~fac,tory
pending estimation of t,he yield curve for the
fishery in question; higher fishing rates should be
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permitted only with caution. It follows without
saying that such a rough rule of thumb should be
used only when supplementary biological dat.a are
lacking. Every effort should be made to obtain
information on growth, survival, fishing, and re­
productive rates, on fecundity, on age composition
of the stock and age at maturity and on the
relation of these variables to size of stock and
conditions of the environment, so that manage­
ment of the fishery can be placed on a solid
scientific foundation.

In sum, the experimental populations have pro­
vided chiefly verification and demonstration of
existing theories of exploitation rather than pro­
viding new ones. They have shown that the
theoretical principles expounded by outstanding
fishery biologists of recent decades are not. simply
the obscure results of abstruse mathematical
formulations, but represent the visible, measurable
reactions of living organisms to mort,ality imposed
by man. If this report provides some illumination
to those fishery biologists who are interested in the
effect of exploitation on fish populations, and who
think quantitatively but not necessarily mathe­
matically, it will have served its purpose.

SUMMARY

1. Four laboratory populations of guppies were
grown in small aquariums, under conditions of
space, light, temperature, and food controlled as
closely as possible.

2. Two of the populations were selected by lot
for the exploitation tests; the other two were
maintained without exploitation under identical
conditions, as experimental controls.

3. Populations were maintained for a period of
168 weeks, during the last 128 of which the test
populations were exploited.

4. Initial growth of the populations followed
the logistic curve; asymptotic mass levels of about
32 grams were reached by the control populations
in about 50 weeks.

5. Successive exploitation rates of 25, 10, 50,
and 75 percent per reproductive period (3 weeks)
were imposed on the two test populations.

6. Major changes in number during exploita­
tion were similar for the two test populations.
The 25-percent rate caused an initial decrease in
the number of adults, followed by an increase in
the. number of juveniles. At the ,l0-pereent rate

there was an increase in the number of adults,
followed by a decrease in the number of juveniles~

Changes at the 50-percent rate were similar to
those at the 25, but more extensive. At 75 percent
there was rapid decline of both juveniles and
adults to e.'\':tinction.

7. Changes in weight resembled those in num­
ber, but fluctuations were less violent. The
changes in weight of catch after the increase from
10- t,o 50-percent exploitation followed classical
conceptions derived on theoretical grounds.

8. The proportion of males was greater in the
t,est than in the control populations; the final
apparent stabilization was at 50 percent for one
control population and 30 percent for the ot,her.

9. Comparison of control-population size with
temperature fluctuations due to imperfect thermo­
static control revealed a significant negative cor­
relation accounting for about 30 percent of the
fluctuations in population size.

10. Equilibrium yield, defined as the average
yield during a period of 6 weeks without significant
unidirectional changes in population composition,
was related to fishing rate in a manner that indi­
cated maximal yield at fishing rates between 30
and 40 percent, when the populations were at
approximately one-third their asymptotic level.

11. The maximum actual yield realized repre­
sented the conversion into fish flesh of about 20
percent of t,he food consumed.

12. Examination of three conventional fishery
measures, catch, catch per unit of effort, and
average fish length, showed that these could yield
a considerable amount of valuable information on
population size and results of changes in rate of
exploitation. Catch per unit closely, and average
length roughly, followed changes in size of popu­
lation.

13. The laboratory population experiments veri­
fied and demonstrated the following principles of
exploitation:

a. Any exploitation of a population, however mild,
reduces its abundance somewhat.

b. Below a certain level of exploitation fish populations
are resilient, increasing their survival and/or growth rates
to compensate for the fish removed. .

c. It is possible, at least. with some populations, to raise
exploitation rates to the point at which they will cause
extinction of the population.

d. Somewhere between no exploitation and excessive
exploitation, there lies a level at which the maximum
equilibrium yield can be obtained.
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APPENDIX

TABLES OF WEEKLY DATA AND LENGTH FREQUENCIES

TABLE A-I.-Weekly lJOplllation and remolJol numbers and weights, pOlJlllation A

[Categories "fry" and "immatur~"definedin text. seetlon Maintenance and Exploitation Procedures and Equipment.)

2.1

4.4

1.9

2.8

1.4

3.3

3.8

3.9

6.0

4.9

4.1

3.3

3. ,;

3.7

3. ,;

3.0

Weight. grams

1.5
1.6
2.1
2.9
2.8
3.6
4.3
4.6
5.2
6.0
6.7
7.1
8.0
9.3
9.8
9.7

10.7
11.5
12.2
14.3
14.9
15.4
15.7
HI. 2
17. I
18.7
18.4
19.0
20.1
20.9
20.4
20.5
21. 4
22.1
23.3
16.3
18.4
19.7
15.9
17.0
18.0
15.8
16.9
17.6
14.9
15.2
16.9
13.7
15.1
16.3
14.0
14.3
15.1
12.8
13. ~
14.7
12.3
13.3
14.0
12.4
13. I
14.8
12.4
13.7
14.7
12.9
13.9
15.0
13.3
14.4
14.9
11. 5
12.7
13.3
13.3
14.2
14.9
13.6
14.9
15.5
14.2
15.0

1'otal Removals

5

6

5

1R

15

20

25

13

Number
removed

2 _

2 . _

1 _.. _
3 '"

1 _

1 _
2 . _
1 . _

1 . _

1 . .
2 ... _

1 . _

1 .

I _

2 ._

1 . _
2 _
1 . _. _

1 .. _
3 .. _

I . . __

1 . _

Number natural deaths

___ . . __ 1
2 .. _

--- -- _. -_. -. ----- - -- --- - - - -. --- - - --_. --- - -- --- -- - ----I .___ I 18

_____ ._ .. _. . 1 1 22
_____ .___________ 1 1 _
_____ 1 1 _
____________________________ .____ 21

_ ._. . . .___ ___ 16
______ .. 1 ... 1 _.. _

_. - - - -- ----- --- - - - -- ---- - - _..... - -- -_ .. -- - ._-- ... .:- ---

___ __ ___ ________ _ I ___ __ ___ 1 _
___________________ . _ 15

______ . _____ _____ __ ____ __ 1 _. _

-- - - - -- --- - - - -- -- - - - -- -. - - -- -- - -- --- --- -- Jlj

::::: :::::::::::: -----.j- :::::::: -----,-j- ---------20·
_____ 1 _. ._ I _.'... .__

::::: :::::::::~:: :::::::: :::::::: _::::::: ---------iil-

Fry Immature Male Female Total

89 . -------. -------. -.------ --.---.-----182687____________________________ 23

Se~ footnotes at eud of ta bl~.

Number before removals
Week No.

Fry Immature Male Female Total
------

6. _____ . ______________________ .. - ----- ---------._- 5 3 8 --i. ____ . ________________ . ______ -------- ------------ 5 3 8 --8__________ • _________ . ________
---iii-- - ---_ .. _--._- 5 3 8 --9__________ " _________________ 25 5 3 33 --10____ . __ . __ .. _______ . _. ___ ._. <'I 21 ,; 3 29 ---11 ____________________________ (I) 20 5 3 28 --12____________________________

l'> 29 5 3 37 ---13____ . ___ . _. _. _. _______ . ____ . (II 88 5 3 96 ---14__________ .. _______________ . (I) 79 5 3 87 ---15_______________ . ___________ . (I) 83 5 3 91 ---16_______ . ____________________ (') 115 6 3 124 ---17______ . _____________________
<') 110 tl 3 119 ---18__ • ____________________ . ___._ (I) 100 6 3 109 _.-

19______ . _____________________
<') 93 10 3 106 ._-

20_______________________ . ____ (I) 108 10 3 121 ._-
21. ______________

l'l 89 10 2 IOf ---22__ . ____________ : :::::: - -- - -. (I) 88 13 2 103 ---23______________________ :::::: <') 92 13 2 107 ---24 _________ . __________________
<') 89 13 2 1U4 ---25_______________ . _________ . __ (I) 70 33 2 105 ---26______ . ______________ . ______ (II 67 34 2 103 ---27____________________________ (I) 64 35 2 101 ---28_________ • ___ . _____ . ___ . ____ (I) tl3 36 2 101 ---29__________ • _________________
<') 59 35 2 96 ---30. ________ . _______ • __________ I') n3 38 2 103 ---31. ________________ • __________ (I) f03 40 4 107 ---32. _______________ . __________ . (I) 6,'; 44 4 113 ---33_______________ . __________ .. (I) 59 45 4 108 ---34 ___________ . ________________ (I) 65 47 4 116 ---35. __________________________ . (I) 75 47 5 127 ---36___ . ______ •. ___________ . ___ . (I) 94 47 5 146 -- -37_. _. _______________ . ___ . ____ (I) 66 49 35 150 -- -38_____ . __________ . ___________ (I) 68 49 31 148 -- -39___ . ____ .. ___________________
<') 60 49 38 147 ---40____ . _______________________
<') 64 47 38 149 ---41. __ . ___________________ . ____
<') 63 35 26 124 ---42_____ .. __________________ • ___ (I) ·66 36 26 128 ---43____________________________
I'l 64 36 2i 127 ---44 _________________________ . __ (II 67 ~. 19 113*1 ---45_________ . __________________
<') 64 32 21 117 ---

:L:::: :::::~::: :::: ::: :::::: 21 45 35 21 122 ---
17 32 30 18 97 -_.

48___________ . _____________ •. _ 17 31 35 19 102 -_.49_________________ • __________ 18 24 38 21 101 ._-50_________________________ • __
13 18 31 21 83 ---51. _________ •. _______ . ________ 22 15 31 24 92 --.52__________ •. ______ •. ______ ._ 16 23 33 23 95 ---53_ •_________________________ . 24 14 26 21 ~5 -_.54___ . ________________________ 31 10 28 21 90 ---55_______________ . ____________ 39 9 28 21 97 ---.';6____________________________
40 21 19 20 100 ---57_____ ' _________________ . ____ 32 26 21 19 98 ---58__ • ____ . ___________ . ________ 53 25 21 19 l1S _.-
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60 20 13 17 110 ---60_______________________ . ____
14 20 14 17 125 --61. ___ . __________________ . ____ 69 20 18 17 124 ---62____________ . _______________ SO 19 16 12 127 ---63 ____________________________
76 21 18 13 128 ---64 _____________ . _________ 61 26 20 16 123 _.-

M _______________________ ::::: 38 40 14 12 104 ---66____________________________ 32 35 17 17· 101 ---67 _______________________ . 29 35 21 17 10268________________________ :::: 26 25' 21 17 89 ---69_____________ . ______________
211 29 21 17 96 ---70_________ . __________ 20 33 24 19 96 ---71 _________ . ___________ :::::: : 15 25 18 13 71 -- -72___ . ___ II 23 24 18 76 ---

73 __ • ____ :::: ::: ::::: :::: ::::: 8 21 27 18 74 ---74__________________ • ____ . ____ 23 10 19 21 73 ---75___________ • ________________ 14 13 21 24 72 -- -76___________ . ___________ . ____ 23 12 22 24 81 ---7; .. _. __ __ .' . . ___ . __ .. ___ . ____ 26 6 19 18 69 ---78___ . _______ ._ 23 II 19 18 GIl ---79__________ .. _:: :::: :::: ::::: 26 5 22 20 73 ---
SO- 2\; 7 19 17 72 ---
8!... ::::: :::: :::: ::: ::::: ::::: 34 9 19 18 80 ---82___ . _____ .. __ . ___ . ____ . _____ 34 9 22 18 83 ---83_._._. ________ . __ . _______ • __ 32 11 23 16 82 ---84_. ___ . ______________________ 26 19 24 16 85 ---85_ .• _________________________ 29 18 25 17 89 ---86____________________________

31 20 23 15 89 ---
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TABLE A-l.-Weekly population and removal numbers and weights, population A-Collt,illued

2.0

1.7

2.0

2.9

5.7

1.9

7.0

3.0

1.5

1.2

1.2

1.0

1.7

'6.2

-- -·----·3.-4

-- ------·-:9

---·-----i6

----------.-2

---·----"3:5

---·-----3:5

---------5:6

---·-----3:9

.- ----- --2'- oj

Weight, gramsNumber natural deathsNumber before removals
Week No. Number

I
removed

ss--:_-_-_-_-__-_-__-_-__-__-_-_._-_-_.-_-._-_-__-_-_'I-
F
_1'_:_ Illlmatu: M:l: Fem~~~ Tot: __ ~.~~_. _I~:~~:~~ ~_~~e__ .~eD_I~:~ __~-_o-~-_:-_I----I-T-::-~o-l _R_em_ov_a_~~-o

89.• 26 2fJ 25 21 92 •• __ • • • ._____ 14.7
00_. .______ 30 29 26 15 100 _. __ .__ _ __ _ __ • 15.4
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93 ._________________ 28 Ii 31 24 100 • • • • • • ._____ 15.6
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95_ .. ._________________ 21 20 30 26 97 • • . • • __ -. ._____ 16.3
96 •__ • .________ 21 25 31 28 105 _. 16.S
97.._ .. - .________ 25 2i 31 30 113 :::::::: :::::::::::: :::::::: ::::_.:: :::::::: ------"--9- 18.0
98 • .________ 30 24 26 2i lIIi _ • • 17.2
99 • • .. __ 26 26 28 28 108 :::::::: :::::::::::: -·----i- -::::.:: - ----i- :::::::::::: 18.4
100_. .________ 44 22 30 28 124 • . • • .__ 1 1 7 17.5
101. •. 31 25 35 30 121 •. .. .. __ • 00 .. .. . ._____ 17.1

lZi::::::::::::::::::::::::::: ~ i ~ ~ g~ :::::::: :::::::::::: :::::::: :::::::: :::::::: ----------9- l::~
104. .________ 36 19 38 31 124 • • .. .. 19.4

~gg::::::::::::::::::::::::::: gg ~:g ~~ ~~ :::::::: :::::::::::: :::::::: :::::.::: :::::::: ----------9- ~n
lOi. . ._.________ 24 22 4.5 32 123 . • • • • .. 20.5

l~::::::::::::::::::::::::::: ~~ ~~ ~~ ~~ g~ :::::::: :::::::::::: :::::::: :::::::: :::::::: ------~·-ii- ~:g110. ._________________ 24 22 45 28 U9 • ._______ 1 20.5

Hk:::::::::::::::::::::::::: g i:~ ftJ m:::::::: :::::::::::: :::::::: :::::::: :::::::: ---------ii- ~g
113.__________________________ 19 29 44 26 118 . . • .. • . • .. 21.6
114.. .... .______ 27 27 46 27 127 22.5
115.._________________________ 30 24 49 30 133 :::::::: :::::::::::: :::::::: :::::::: :::::::: ---------ii- 23.5
116 .__ 32 22 44 27 125 .• __ •. • • -_._____ 21.6

nL::::::::::::::::::::::::: ~~ ~~:~ ~ ~~ :::::::: :::::::::::: :::::::: :::::::: :::::::: ------:--iii- ~~:g
119___________________________ 2Il 18 43 32 119 .. • .. 21.1

gL::::::::::::::::::::::::: ~ l~:~ ~ m:::::::: :::::::::::: :::::::: :::::::: :::::::: ------·--49- ~:1122. .___ 27 7 19 21 74 • • .__ 12.9

~~::::::::::::::::::::::::::: ~ ~~ ~g ~ ~~ :::::::: :::::::::::: :::::::: :::::::: :::::::: ---------3i- ~N125. ._________________ 18 8 10 16 52 • • • .. .. 10.0

:~t::::::::::::::::::::::::: ~~ 19 m :~ ~ :::::::: :::::::::::: :::::::: :::::::: :::::::: --00-----2i· :U128 .___ 51 10 4 12 77 • .______ 8.3

:~::::::::::::::::::::::::::: ~ ~1 ~ :~ ~ :::::::: :::::::::::: :::::::: :::::::: :::::::: ---------iil- In
131. • .___ 30 35 3 8 76 ... • • • • • 8.2

m::::::::::::::::::::::::::: ~~ :~ ~ ~ 1~ :::::::: :::::::::::: :::::::: :::::::: :::::::: -- .. -----30· In
134. . __ .___ 58 36 3 4 101 . __ . • . .• . . • 7.1

at::::::::::::::::::::::::: ~ :g ~ g n~ :::::::: :::::::::::: :::::::: :::::::: :::::::: --00-----28. ~:~
137. • .__ 51 24 5 7 87 . . __ •• __ • .. ... _... 6.9

:~g::::::::::::::::::::::::::::l't ~~ ; ~ m:::::::: :::::::::::: :::::::: :::::::: :::::::: ---------29· ~:g
140._. . . __ .___ 39 39 2 .~ 8-5 .... _ 1 1 .... . • 6.2

m::::::::::::::::::::::::::: ~ :: ~ ~ : :::::::: :::::::::::: :::::::: :::::::: :::::::: ---------27· U
143.__________________________ 40 :!O 6 4 70 . • • ... __ . 5.7

Ut:::::::::::::-::::::::::::: = ~ ~ g ~ :::::::: :::::::::::: :::::::: :::::::: :::::::: ---------22· ~J146. .__________________ 15 23 6 5 49 • . .____ 5.1

m::::::::::::::::::::::::::: ~ ~~ 1~ ~ ~ :::::::: :::::::::::: :::::::: :::::::: :::::::: ---·-- .. -23· U149. • • .___ 11 13 6 4 34 • . 00 - . 4.2
150. • . __ .___ 14 11 8 6 39 . __ . .. • • 4.8
ISI. • .____ 24 12 9 6 51 • .. __ . • .______ 21 5.2
152. .. _. .______ 25 4 1 3 33 . __ • • 00 • • 2.0

:~::::::::::::::::::::::::::: ~ ~ ~ ~ ~ :::::::: :::::::::::: :::::::: :::::::: :::::::: --"---'--9' i.~155. .. _. .___ 7 16 1 2 26 • • • •__ " ' • 2.0

:~::::::::::::::::::::::::::: 1~ ~~ ~ i : :::::::: :::::::::::: :::::::: :::::::::::::::: ---------20· ~:~IIiS___________________________ 12 Ii 0 1 18 • • • .. __ • . 1.1

:~::::::::~::::::::::::::::::}~ ~ ~ ~ ~ :::::::: :::::::::::: :::::::: :::::::: :::::::: ----------9· U161. .___ 9 6 1 I 17 1 ._______ 1 . . 1.1
162 .___ 9 Ii 1 I 16 1 ._______ 1 1.2
163. • . .___ 12 12 2 2 28 • .______ 12 1.8
164. .___ 11 3 1 1 16 . . . • . .8
165 .___ II 2 I 2 16 • • • • • 1.1
166. . .___ 11 2 I 2 16 • • .______ 3 1.3
l6i. ._____________________ 3 8 0 2 13 .. • 7

:~L::::::::::::::::::::::::: g Ig 3 ~ :~ :::::::: :::::::::::: :::::::: :::::::: :::::::: ----------9· U170 • .______ 0 3 0 0 3 .. _ • • .4

nL::~:::::::::::::::::::::: g ~ ~ ~ ~ :::::::: :::::::::::: :::::::: ::~::::: :::::::: ----------2· J
m::::::::::::::::::::::::::: g 8 g } ~ :::::::: :::::::::::: :::::::: :::::::l_:_::_:_::_-_-:_::_:_::_:_::_:_: :_~_:_:_:-_-:_::_:_::_::

I Not listed separately; included in" imnmt·lII'c".
, Includes onc fish of unknown sex.
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TABLE A-2.-Weekly population and removal numbers and weights, population B

(Categories" rry" and" immaturc" defined in text section, Maintenance and Exploitation Procedures and Equipment)

Fry Immature Male Female Total Fry Immature Male Jo'emale Total

Week No.
Number before removals Number natural deaths

Number
removed

Weight, grams

Total Removals
-----------1--·--------------1----1---- ---1-----1-------

8

7

15

19

2.1

4.0

1.9

1.5

1.\1

5.0

2.3

4.5

3.7

5.6

3.8

5.6

3.4

3.5

3.6

8.0

3.1

3.5

3.5
2.9
3.3
3.3
3.5
3.8
4.6
4.8
5.4
6.0
6.7
7.2
8.0
9.0
9.5

10.3
11.9
12.2
13.6
\5. \I
15. II
17.6
17.5
18.5
19.9
20.5
22.2
21.9
22.8
24.2
24.9
26.2
28.0
27.8
30.8
22.2
23.6
23.5
19.8
20.7
22.0
18.0
18.8
19.6
15.6
16.8
17.5
14.2
15.3
16.0
13.0
14.0
14.2
12.5
13.6
13.6
11.1
12.5
13.3
12.8
13.8
14.8
12.7
14.0
14.7
12.7
13.8
14.8
12.4
13.7
14.1
11.1
12.4
13.3
13.0
14.2
15.6
14.6
15.6
16.2
14.2
15.3
16.1
14.7
15.3
16.2
15.6

32

1 _
2 • _

1 _
1 _
2 _
1 _
3 .

23

9

23

9

18

19

10

13

8

1 . ..
1 _

1 •• _ 1 _
1 _.______ 1 2 _

1 _
1 _
2 •
1 . _
3 _

___ • • • ___ 11
____ .___ 1 _.. 1 _

1 . __ _ 1 .
________ 17

2 . • ._ 2 _
__________________________________ • ._____ 9

_____________ .______ 2 2 _
___________ .. 24

20
28
36
27
23
38
51
48
56
83
98

103
101
117
116
121
119
131
129
128
128
125
123
123
122
123
131
130
131
131
132
131
141
130
134
102
106
123
86
87
84
72
78
63
62
64
61
46
63
67
89
90

129
130
146
150
141
144
143
124
124
125
107
111
113
96

102
100
89
94
98
79
94

109
110
110
117
117
128
133
136
142
145
140
151
153
146

5
4
4
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
3
4
4
4

38
10
51
74
59
54
53
40
42
44
34
34
34
22
28
27
19
19
19
13
13
14
12
11
11
8
7
8

10
W
10
10
10
21
19
19
20
18
25
26
20
20
22
19
21
21
23
26
25
23
22
23
16
1R
20
20

5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
8
8
8

13
15
20
22
22
27
27
32
35
36
40
40
42
45
45
47
35
35
35
25
2fi
26
21
22
22
18
18
19
15
15
15
12
12
12
7
8
8
6

10
17
18
24
29
211
30
34
28
29
32
27
27
30
24
24
25
24
25
25
28
30
31
28
28
28
27
29
29
31

10
19
27
19
15
30
43
40
48
74
89
94
92

lOS
107
112
108

- 120
118
112
110
102
98
98
92
93
9fi
92
91
87
88
51
86
34
13
8

17
35
21
20
9
6
5
5
6
2
2
1
1
I
7
7
8

20
28
28
29
43
45
62
53
53
43
43
39
30
30
26
19
15
10
10
18
17
19
19
26
15
32
34
35
42
40
33
45
46
44

6 .__ <'1
7. . ._____ (I)
8_____________________________ (I)
9 . ._____ (I)
10 :_ (I)
11_. • _ (I)
12 .__ {11
13 • _ (11
14 .__ _ (11
15 ._________ _ ('1
16 ._______________ (Il

17____________________________ (11
18 .__ __ _ (I)
19 ._______________ (11
20 ._______________ (I)

21.___________________________ {Ii22____________________________ (I)

23____________________________ {II
24 __ •• . <'}
25 ._._ {Il
26____________________________ (I)27____________________________ <'}
28 •• _ <')
29 .________________ (I)
30___________ (11

31.___________________________ (11
32____________________________ {II
33 ,,_________________ ('1
34 .________________________ ('l
35 . .______ ('l
36____________________________ <'1
37____________________________ {'l
38 ._____ (I)
39 __ • .___________ (I)
40 __ ._________________________ (11
41. .________________ (I)
42____________________________ (I)
43____________________________ (II
44 .__ (I)
·15 ._______________________ (1)
46 • .__ - 5
47 • •• _ II
48. __ . .. _ 17
49 .______________________ 2
50____________________________ 16
51. ___ __ __ _ _ _ 16
52____________________________ 13
53____________________________ 11M____________________________ 28
55____________________________ 32
56____________________________ 57
57____________________________ 58
58____________________________ 95
59____________________________ 91
60 .•. .___________ 99
61. ._____________________ 103
62__ • .______ 98
63 __ ._________________________ 84
64 ' ._ ___ ___ 73
65_.__________________________ 34
66 .____________________ 37
67__ • • •• 33
68__ •• __ • .___________ 26
69____________________________ 28
70 • .__ 19
71. .________________ 19
72 .________________ 24
73 . . ._____________ 22
74_._________________________ _ 25
75__________ 27
76____________________________ 32
i7 .________________ 25
78 . ._________ 32
79____________________________ 45
SO. .____________ 48
81. .___________ 45
82____________________________ 45
83 .__ 51
84.___________________________ 41
R5 ._______ 43
86.___________________________ 50
87_.__________________________ 50
88. • .________ 54
89 • • .___ 64
90 •• • .___ 59
91..___________________________ 58
92_. .___________________ 51

Se~ footnotes II t "nd of table.
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TABLE A-2.-Wee.kly population and removal numbe.rs and w/?"ights, population B-Continued

Fry Immature Male F~male Total Fry Immature Male Female Total

Week No.
Number before removals Number natural deatb~

Numb~r

removed

Wdght. grams

Total Removals
-,----------1---,----- --------1----1--- -,-·1----1--------

11

12

lO

31

16.3 ------------
17.5 2.2
17.0 .--.--------
17.9 .-----------
18.6 1.9
18.3 ... _-----_.-
20.0 ---- ______ 0-

20.9 2.3
20.0 -----_ .. _.. -
21. 3 ------ - -_.. -
22.0 2.4
20.9 --- --- ---- --
21. 8 -- ---- ---- _.
22.6 2.8
21. 2 -- ---- --- ---
22.3 ____ 4 _______

23.6 2.7
21. 6 ----- ----- --
22.6 -- -- --- --- _.
23.7 3.3
21. 2 ----.-------
21. 3 ----·----i:ii21. 4
20.2 ------------
21. 1 ---------2:221.5
20.0

~ ---- -------
20.7 -- ---. --iii:221.9
12.9 .-----------
14.1 -'. _. -- --- --
14.9 7.0
9.5 -- - --' ----_.

11.0 -- ----- ---_.
12. 1 6.8
7. 1 _. - - --- -- ---
7.9 ------------
9.4 5.3
6.0 --- ---- --- --
7.4 -- - -------~-
9.2 4.3
7.0 -- - -------~ -
8.7 -----_.-._--

10.0 4.8
6.0 -- --- -- _. ---
7. 1 ------------
8.5 4.2
5.2 _._--_ .. _---
6.3 -- --- -- - - - --
6.9 3.5
3.9 --- -- -- - - - --
4.6 -- - ---- -----
5.4 2.6
4.2 ----- -- -- ---
5.0 -- -- ------ --
6.2 2.8
3.4 -----~. -----
4.5 -- ---. - -----
5.3 3.7
2.3 --_.- -- --- --
3.3

~ - - - ----- ---
4.5 2.9
1.6 -------_._--
1.9 -----.------
2.0 ________ 1. 2
1.2 -_. - - -- -----
1.8 -_. - -. ------
2.2 1.7
.7 --- ---- --- --

1.0 ------- -- ---
1.3 1. 1
.3 -- ---- -_. ---
.4 --------- - ~ .
.5 . 3
.2 --- -_. --- - ..
. 2 ----_. ~ - - - .-
.2 .2

29

7

32

41
! ------------

1 . . .

11

10

10

28

27

-------- -----------. -------- ._------ -------- -~----~.----________ 1 1 12

------.- ----------i- :::::::: :::::::: ------i- ----------9-
1 .____ 1 _

1 1 _. . _
7

------ .. --------·-i- :::::::: :::::::: ---- .. -- ---------26-

:::::::: :::::::::::: :::::::: :::::::: :::::::: ---------23-

:::::::: :::::::::::: :::::::: :::::::: :::::::: ---------26·

:::::::: :::::::::::: :::::::: :::::::: :::::::: ---------20-

:::::::: :::::::::::: :::::::: :::::::: :::::::: ---------i9-

-------- ---.-------:- ---_._-- ---.----- -------- ------------

:::::::: :::::::::::: :::::::: :::::::: :::::::: "----'--ii;'

________ 1 ..
________ .___________ 9

146
145
135
134
135
124
124
124
125
119
125
113
111
111
lOl
103
96
86
88
90
94

104
102
III
104
124
125
141
135
95

102
III
lO6
107
105
92

102
114
86

106
105
77
84
96
61
69
70
44
59
64
53
66
66
57
57
61
50
59
58
32
37
44
28
28
27
22
21
20
10
9
9
2
2
2
1
1
1

:J)

27
25
26
27
24
28
29
35
35
37
36
36
41
41
41
41
35
35
35
31
30
30
28
28
28
25
25
25
13
13
13
7

11
11
7
8
8
5
6
7
5
8
8
5
5

12
4
6
9
5
7
7
4
4
8
2
3
5
3
3
3
2
2
3
1
1
1
o
o
2
o
o
1
o
o
o

37
45
44
44
45
42
46
47
47
50
54
53
53
53
49
49
50
46
46
46
42
42
42
37
37
37
M
34
M
21
22
22
12
15
16
10
11
16
8
9

11
9
9

12
7
8

10
6
7

11
'5
5
6
5
5
5
7
8
9
3
3
4
2
3
3
1
1
3
1
2
2
o
o
1
1
1
1

33
32
36
38
39
47
48
46
30
27
21
13
13
8
3
3
2
2
1
1
o
o
o
1
3
3
4

11
23
13
20
24
32
31
37
22
28
31
28
29
44
M
38
37
27
30
29
20
III
18
Ii'
14
18
16
23
26
14
22
20
lO
23
24
4
5

10
9

12
9
9
7
5
2
2
o
o
o
o

56
41
30
26
24
11
2
2

13
7

13
11
9
9
8

lO
3
3
6
8

21
32
30
45
36
56
62
71
53
48
47
62
55
50
41
53
55
59
45
62
43
29
29
:til
22
26
19
H
27
26
32
40
35
32
25
22
27
26
24
16
8

13
20
18
11
11
7
7
o
o
o
o
o
o
o
o
o

93 - -- •- - - - - - - - - - --
94•• •• •
95. - - - ---------
96 • _
97•• _
98•• •• • -. __ - -._
99••• __ •• • • - - - __
lOll.. __ •• -. __
101 •.• _. . - . __
102•• • - _
103••• _••• • • - _
104•• __ . . • _
105••. _. . - _
106••• • - _
107. •• . _
lO8. . • •
109. •. •.
110. . .
111. . •
112. . .
113. . _
114. . . ._
115. • •.
116. • . ._
117. . • _
118. • • . __
119. • • ._
120. • • _
121. • . _
122. : • • ._
123. • ._
124. ' • •• ._
125•• •• ._
1211. •• • • _
127• _
128. • c _
129. • •. _
130. • • • •
131. • . . . •
132. .• •. .
133. •• __ .• , . • •
1M. . ., . . _
135. •• ., • •
136•• • ._
137. . ._
138•• ._
139_. . • ._
140•• • ._
141.. • ._ .• _
142••• • ._. ••• ,._.
143••• •••. • __ • _
144. •• __ •• , __ ._ •• • .
146••• _••• • • __ ._
146. ••. .• •
147••• ••' •. __ . .
148••• • ._ •• ' •• , __ .
149•• • ., __ • __ • ' __ •
150•••••_. __ •• • • ••
151. •• • • •
152. ., . .
153. • • • • .
154. • •• . _
155. .. •. _
156. • _
157•• .• .. _
158. .. . ._
159••• __ •• •__ ._
160••• __ •• • _
161. .• ._
162~. .. ._
163•• . _. _
1M . • • •
165. . _
166. • _. • _
167. . _
168•• _
169•• _

I Not listed separately; included In "Immature."
• Ineludes one IIsh of unknown sex.
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TABLE A-3.-Weekly population numbers and weights, population C

[Categories "fry" and" Immature" defined in text Sl'ction Maintenance and Exploitation Procedures and Equipment]

Fry Immature Male Female Total 'Fry Immature Male Female Total

Week No.
Numbe,' of fish Number natural deaths

Weight,
grams

---------------- ---1----,1------ ------1----1,---------

I _

I _

2 2

:::::::: :::::::::::: --"---i- :::::::: ------i-

1.5
2.1
2.7
3.2
3.1
3.0
3.2
4.0
4.4
4.9
5.6
6.2
6.3
7.4
8.0
8.5
9.4
9.9

11.5
12.3
13.8
13.5
14. II
14.3
15.3
16.9
16.7
17.5
18.7
18.9
19.2
19.9
21.5
21. 5
23.3
21.9
22.8
24.0
24.9
26.0
26.8
27.0
28.7
29.1
29.3
29.7
30.5
31.4
31.4
32.3
31. 6
32.0
31. 8
31.9
32.3
32.3
33.0
32.6
32.2
32.0
31. 0
30.9
30.8
31.3
31.1
31.1
30.0
30.6
30.8
31.1
31.0
30.8
30.7
31. 5
31. 4
31.4
31.1
31.0
30.3
30.11
30.5
30.3
30.5
30.4
31.2
30.7
30.4

2
1 _

:::::::r:::::::::: ~_ :::::::: 1_

________ I 1
________ 3 . 3

1 . _
1 . . _

__ _____ _ __ ____ ___ 1 _
________________ . ___ ___ __ I

1 •____ I
2 ._ 2

9 . _ _ 9
1 . _ ___ __ I

1 __ ___ ______ __ 1
I __ ___ __ _ _ _ 1
I 1 2

1 _.______ ___ 1
1 _. __ ___ _ ___ _ I
2 .. 2

________ __ __ __ ______ 1 _
I .

-'----i- :::::::::::: -------- ------2· ------4-
2 2

-------- - ---- - - ... - - ---.--_. --_.. - -~ ------- -________ __ _ 1 . I

:::::::: :::::::::::: ------i- :::::::: ---'--i-

1 5 3 9
4 5 4 13
1 5 4 10

10 5 4 19
18 5 4 27
36 5 3 44
28 5 3 36
51 5 3 59
76 5 3 84
83 5 3 91
81 5 4 90

IO! 5 3 109
94 4 3 101
92 4 3 99
90 4 3 97
91 4 3 98
97 7 3 107
85 8 3 96
83 9 3 95
75 16 3 94
75 16 3 94
68 19 3 90
63 22 3 88
67 21 3 91
68 24 3 95
65 25 3 93
67 29 3 99
61 34 3 98
66 35 5 106
68 32 5 105
75 33 6 114
45 36 32 113
52 35 22 109
28 36 42 106
19 37 46 102
23 37 46 106
24 35 45 104
35 34 45 114
30 35 44 109
38 36 47 121
2.~ 39 47 111
19 40 47 116
14 41 49 120
9 43 57 118

11 42 57 122
10 43 57 128

9 44 57 114
12 44 57 118
9 46 57 121
8 47 57 123
9 47 57 124
6 47 60 115
6 47 58 118
Ii 47 58 121
7 47 58 123
7 48 58 137
7 48 58 127
Ii 49 58 141
3 45 59 120
6 45 60 124
3 46 58 113
4 46 56 120
7 46 56 114
6 46 56 114
6 48 56 115
5 47 56 113
4 48 56 114
7 47 56 114
3 48 56 115
5 48 5li 117
7 48 56 118
5 47 58 114
7 48 58 114
5 48 59 116
2 50 60 121
4 50 59 121
5 50 58 122
4 49 58 117
4 48 58 120
8 48 58 124
5 47 61 126
5 48 61 128
4 48 63 135
5 48 fI3 127
9 47 61 122
7 46 f\3 129
7 47 61 127

(I)
(I)
{II
(I)
(I)
(II
(II
(II
(11
(I)
(Il
(11
(I)
(I)
(I)
(I)
(I)
(I)
(II
(II
<')
(II
I'l
III
I'l
(ll
(I)
III
(I)
(I)
(I)
(I)
(Il
(Il
(II
I')
(I)
I'l
(I)
I')
(I)

10
16
9

12
18
4
5
9

11
11
2
7

10
11
2~

14
28
13
13
6

14
5
6
5
5
6
4
8
8
7
4
1
4
9
8
9
6

10
10
12
14
20

1~ I
13
12

6 . ••. _
7.• . .
8 . _.
9 . . _
10. _. _
II. _. , _
12. • _
13 . • .• ._
14 __ • • • _
15__ • • _
16 __ • _
17 • • . _
18__ • .' • _
19__ • _
20_ •• ••• • _
21. _. _
22__ • • • _
23 • • • _
24__ • _
25__ • • • • _
26__ • • __ • _
27. _• • __ • • • _
28••• • • • _
29••• • _
30_ •• ., • . _
31. . _
32•• • .
33••• • . •.
34••• • • _
35_ •• • • _
36__ • • _
37. _. • _
38. . ., _
39. . _
40. • • __ • _
41. _• . _
42••• • .• _
43••• • _
44••• • • _
45••• • • • _
46••• •• • _
47•• _
48••• •• ._
49••• • , • • _
/ill. •• . ._
51. •• . __ • _
52••• • • • _
53••• • _
54••• • • _
55••• . _. . . _
56•• _•• • • • • _
57. _. __ • _
58. _. . • _
59••• • • • _
60•• . _
61••• ._
62. _. ., ._
63__ • _
64_ •• . _. • _
65••• • __ • • • _
66••• • • _
67••• • • _
68_ •• • _
69 • _
70••• _. • _
71. _. . _
72. _. _
73•• __ • _. • _
74. _. ' • ._
75_ '. _
76. __ • _
77. ._
78. _. • _
79. .
60. _
81.. . . _
82_ • • _
83. _
84. . . _
85_ • • _
86. _
87. _. _
88••• . .. _

::::::::::::::::::::::::::::::::::::::::::::::::::I
91 '
92::: ::::: :::::::: ::: ::::: :::::::::::: :::: :::: :::::

See footnotes l\ t end of tn hi".
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TABLE A-3.-1Veekly population numbers and weights, l)olJtllation C-Colltillued

Fry Immature Male Female Total Fry Immature Male Female Total

Week No.
Number of fish Number natural deaths

Weight.
grams

-----------------1---1-----1--- -------1-----1----------

-- .. ---- ---.---.---- - ..------ ---_ .. _- --------__ :_____ 1 1

--._---- ------------ -------- -_._---- --_._---__________ .. 2 2

__________ .. I .
________________ .. __ 1

-------- .. _--------- -------- ---.---. --------________ 1 1

31.0
30.9
31.5
31.7
31.8
31. 5
31. 5
31. 6
31.6
31.6
31. 6
32. 6
32.7
32.8
33.7
33.8
34.5
34.9
35.5
35.4
35.8
36.0
35.8
36.1
36.6
35.3
35.9
35.6
35.9
37.1
35.8
35.8
35.6
35.8
36.0
35.1
35.5
35.5
35.4
35.3
35.4
35.6
35.6
35.9
34.8
34.7
34.9
34.9
34.8
34.4
33.6
32.4
31.9
31.4
31.2
31.8
31.4
31.9
31.5
30.8
30.4
30.3
30.5
30.2
29.2
29.2
29.5
29.0
28.2
28.8
28.5
28.6
28.8
28.4
28.6
28.0
28.6
28.7
29.0.
29.4
29.4
29.4

3

1
3

2

1
'1

1

1
2

'3
1
3
2

1
2·
2
1
2
1

1 .. _
2 1

. .. I
1 __

-------- --._-------- -------- -------- -_.-----________ 1 1

2

________________ .... __ .. 2 2
_______________________ .. 2 2
________ 1 1 2
_ .. 1 1

________ 1 00 __

____ .. .. 1
1 00 __

1

________ 2 2
________ 1 1
________ 2 2

-- - -- _. - --- - - - - --- - - -- -_. - - - ----- - .. -- --- - --
1

.. -.---- ------------ ---.---- ---.---- ----.~--1 1

-- .. _--- ------------ -------- ------ ..________ 1

________ 1 1
________ 1 1 2
_________ ... 1 1
__________ 00________ 2 2

_________________ 00_ 1
________ 1 ~

__ .. 1
________ 1 __
________ 1 __
________ 1

2 __

1 __

7 49 61 131
7 49 61 130
7 50 61 130

10 53 60 127
10 51 61 128
10 52 61 133
11 49 61 136
11 53 58 140
9 52 60 141
7 55 60 148
7 04 60 145

10 56 59 136
9 56 58 134

12 04 60 132
14 56 60 135
14 57 59 135
16 58 57 133
14 59 57 132
11 61 57 132
11 61 57 139
11 61 58 143
10 62 58 146
4 63 64 145
4 62 64 147
3 62 65 153
3 60 64 154
5 60 64 146
5 59 64 149
8 58 64 144
7 flO 64 151
6 59 63 144
7 58 63 152
9 56 63 1M

10 56 65 148
10 04 65 140
12 54 65 140
10 56 64 139
9 56 64 146
9 56 64 141
9 56 63 148

11 55 64 145
16 55 65 151
15 55 64 143
14 55 66 140
13 55 64 139
13 56 64 140
11 58 64 141
9 59 65 146

10 58 65 142
8 60 64 138
8 59 62 135
7 58 61 136
7 57 61 150
6 57 61 139
6 57 61 135
7 57 62 139
4 57 65 134
4 57 66 138
2 57 66 132
4 57 64 135
4 56 63 131
6 55 63 133
7 55 63 129
6 56 62 132
6 66 flO 130
6 66 58 131
6 56 58 131
5 55 56 130
5 04 55 132
2 53 57 126
5 53 M 127
9 53 M 131
7 52 56 130
7 52 54 130
8 51 04 127

10 51 54 126
9 53 53 135

10 53 52 131
9 04 52 132
8 55 53 123
9 55 51 124
8 55 51 126

14
13
12
4
6

10
15
18
20
26
24
11
11
6
5
5
2
2
3

10
13
16
14
17
23
27
17
21
14
20
16
24
2fi
17
11
9
9

17
12
20
15
15
9
5
7
7
8

13
9
6
6

10
25
15
11
13
8

11
7

10
8
9
4
8
8

11
11
14
18
14
14
14
15
17
14
11
20
16
17
7
9

12

93 . _. . • _
94 •_. . _
95 . . _
96 • • _. • _
97•• . • •• •. _
98. . __
99.. •• • __
100 • •• _
101. . .. .. . __
102 .. •. •. _
103 ••• _
104 •• . . ~. _
105 . 00. _

106.. ... . ... . __
107. . . __ ., __ "
lOS. . . __
109. __ • . .. . _
110•• • . _
111.. ... .. ~ . __
112 .. 00 __

113 • • •• _
114 •• • . • __
115 . _
116 •• • • • _
117 . __ . . __
118__ • 00 • • __

119 • _. •• •• . _
120. . ••. ••. . _
121. . •. .. _
122 ••• . . _
123 • . . . _
124 • .. _
125 '" 00 • _

126•• . . _. _. . • .
127. __ • •. . . . .. .
128•• _. .. . . . . ._
129. _•• .•. .. _. . _
130 • __ . __ ... . . .. .
131 __ •• •• . __ . . _
132. _•• .. . . . __
133 . . . .• . _
134 " • .. •.. _
135•••• • _
136•••• . . .
137••• . . _
138. _•• •• . _
139••• • . _
140••• • . . _
141.. _. _
142.... _
143•••• . • _
144 • • .. _. . _
145_ •• 00. • _ .. ..... • _

146•• _.. . .. _
147. __ • .. .. . •. _
148. _" •. .. . . _
149. __ • ••• .. . . _
150. ••. . _
151... .• . .
152. __ • ... • .
153•• _. •• •• . •. __ ..
154•••• _
1M•••• . _. . _
156•••• •. . _
157•••• . •. _
158•••• . __ . . . _
159•••• • •. _. _
160.... : __
161•••• • . _. _
162. _•• . __ . .. . • _. _
163•••• • .. . _
164 • • _
165 . . __ .. _
166. _, . . __ .. . . _
167_•• . •. _
168 . __
169 • . __ . . _
170. _. 00 _

171 . _. .. _
172 ~ . _. _
173. _. .. . . . __
174_ ••• . . . _

I Not listed separately; included in" Immature."
, Includes one IIsh of unknown sex.
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TABLE A-4.-Weekly population numbers and weights, population D

[Categories "fry" and "immature" defined in text ·section. Maintenance and Exploitation Procedures and Equipment]

Number Datural deaths
Week No.

Fry

Number of fish
Weight

I
(grams)

Immature Male Female Totsl _F_r_Y_i__Im_m_s_tu_re_I_M__a_le__F_em_s_le _T_o_ta_l _

6__ • ._. _
7__ • • •. •
8_. ._. . .. .
9_. . . . _. _. __
10 • • _. .• _._
1\. __ . __ . . . . _._. __
12_ • _. . . _" . ._
13_. .' . __ . _. ._.
14_ •• • . • • _
15_ ••. __ .' .. . • __
16_ •• ., • _
17_. • •• . _
18_ •• • . • . _._ •• •• __
19_. __ • . . • . . _
20_. __ . . • • • __
2\. . . __
22••• • . _. __
23_ •• __ . • .. _
24_ •• __ . . • .. _•• _
25••• . . _
26. •• _. . . __
27 _• . . . • _
28_ • . . ., • • . _
29•••. . • . . _
30_ ••. __ ., . . __ •. __ .. _
3\. .. .. _
32••• _. . • . . _
33_ •• _. . _
34••• _.. . • _
35•• __ ._. . _
36 . __ •• __ . _
37 " . •• __ . • . __ . .
38. . . • • . •• _
39•• . __ .. • •• . _
40. _. . . . .. __ . _
41. ••.. . . . . __ . _
42•• __ • __ • •• .• __
43_ •• . • . __ • _
44_ •• • . __ • •• __
45_ •• • • __
46••• _. _. . • __ . _
47•• ' . • . _
48•• • _. . _
49_ •• _. __ •• . . _
50_ • • __ . • .. • _
5\. . . . .. . _
52•• _. __ ., . • •. _
63•• _. __ • . • _
M •• _. . •. • _
65_. • .. . __ .•• __
56•• __ • ._ •• • " _
57•• __ • .• • • _
58••• •• •• ., . _..• _. _
69•• __ • • • . • _
60 •• • . _. . .. . __ . _
61 •• ._. . . _
62•• .• _. . • • _
63•••. __ • .. _. • . .• __
64•• _. ••• • • _. _
65•• .• _• .•... __ . _
66•• • •. _
67•• ••. _. . . __ . _. , _
68•• __ • . • . _. _. _.. _
69•• • • • • _
70•• . _. . __ •• _
7\. . . " _
72. " . _.. _. • . _
73 . .. _
74 __ • • . • . . __
75 __ • • .. . .
76 • _. . . .
77 __ • . __ . " ... _ . . _
78 •• . . _
79. _. . . . . __ . .
SO __ ._ .. __ • . . _
81. • . . . _
82_ • __ • . . . • _
83. _. . . __ . . _
84_ •• • . __ • . _
85_". .• . _•. . .
86 • ._. . . _

I~m-~~::mm:m:::m:::::m::m:m:::::: I
See footuotcs at eud of tubl...

(Il 0 5 5 10 --- ____ A ---.-------- -- ---- _. ----~ --- ~- _. -- -. 3. I
<'I 16 5 5 26 I -- ---- -- -------- 3.2
(II 17 5 5 27 _-0.--. ------. .---- -------- -- ---- -. 3.8
(ll 33 4 5 42 ·---- --- · -------- --- -_.-- ... . ------- ------ .- 4. I
(Il 35 4 4 43 ----- - -- ---_. --_. --- -------- - ------- -- .. ---- 3.9
(Il 50 4 3 57 I _.. --._- 2 3.9
<'l 58 4 3 65 .------- --- --- --- --- -- ----.- -------- --_. -_ .. 4.8
<'l 76 4 3 83 .------- -----._--._- -- --- -.. --._---- ------ -. 5. 8
<') 70 5 3 78 .------- ---------._- -- --- -.. -.. ----- -----_.- 6.0
<'l 87 8 3 98 _... _... --_.- .. _---- --- --- -. ---.-._- ------ -. 7.0
(Il 95 9 3 107 _._---.- -----._--._- --- -- --. ---_._-- ------ -. 7.9
(I> 102 10 3 115 _.. _._-. -----.. _. --- -- ---- -. ---. ~ --- ------ -. 8. 4
<') 100 10 3 113 ---- - --- · - --- -- -- --. _._.-._- -. --_. _. -'- ----- 9.3
(I> 100 10 3 113 1 _. - -.. _- . 10.3
('> 101 10 3 114 ·--- -. -- ------------ -_ .. -_.- ._------ -- --_ ... 10. 7
(I> 101 10 3 114 .------- -- _. -. --- --- --_._--- ._------ ----- --- II. 5
(ll 97 13 3 113 -------- -- _. -.. ----- --_.- .. - --._--_. ------ -- 13.0
(Il 98 13 3 114 _.. -- -.- -----._----- ------.- --._ .. _- -------- 13.3
<,> 100 13 3 116 _. __ .... --_.-._----- ---_ .. _- -------- 14. 5
(Il 92 20 3 115 _._---.- ----- --_. --- --- ._-.- -- .._--- -- ---- -- 15.9
(I> 89 25 3 117 -_._---. -----. ---._- --- ----. --. -_ .. - -------- 17.0
(Il 100 32 3 135 -------. -- ---. ---. --" -- ---- _. ---.--- ._------ 18.6
(I> 78 34 3 115 -------- · -. --------- ___ 0-._- -. ------ -- -----. 18. 7
(Il 78 33 3 114 ~ --_.. -- -- . --------. 1 _._----- 19.9
<,> 77 34 3 114 -----._- _. - ----- ---- -- ----.- -------- -------- 20.0
I'> 72 34 3 109 2 -_. --- .. _._----- 2 21.2
(I> 76 41 3 120 _._----- -----0______ -_. -- -_. --._---- · ----- -- 22.7
(I> 72 42 3 117 I _. - --- .. .. _--._- 23.2
<,> 69 46 3 118 .. _-_._- -- -- --. --. -- -- ---_. _.. _---- -. ------ 23.7
(II 65 00 4 119 -.. __ .. - --- ---.. -. -- -- _. ---- --._._-- -.. - ---- 24. 5
(II 75 00 4 129 _._---.- -- ---- .. -. -- --- -- --- ---.---- --- ----- 25. 4
(I) 36 63 40 129 -----._- -_... ------- .. __ ._-- - ------- ---- --_. 26. 1
(Il 29 51 48 128 -----._- --- .. _------ -- _. - --- -. ------ · -- --- -- 27. 6
(Il 25 52 63 130 -------- _. - -. ------- --- .. _-- -------- ._------ 29. 6
(ll 21 63 60 134

~ ---- . -- -- ---. ------ -_.---_. -------- --_. ---- 29. 3
(Il 25 51 60 136 ----- - -- --- --------- -_. ----- -----._- -. ------ 28.8
(II 22 M 60 136 _. -_. -.. -- --- -_. -._- ------.- -------- -._----- 29. ~
(Il 36 55 61 152 _._--- .. ---- -----. -- -- ---_.- --._---- --. -- --- 29. 6
(I> 'J:1 ~5 61 143 _._.-- .. ----- ... -._- -- ---- -- _.. _.. -- ----- --- 30.9
(Il 18 55 61 134 I --- ---. .-._- -- ---- -- --._--- . 3\.11
(Il 34 57 61 152 --- --- -- -----_. - -._- -- ---- -- -- _._. -. -----._- 3\. ~

5 15 66 61 137 _... -._- -- _.-. -_. --- -- ------ --._.-.- --. ----- 32.8
13 12 69 61 146 .. __ ._-- _. -.. -- ----- _. _. -. -- -----._- -------- 33. 2
5 12 69 61 137 --.. _.. - -_ .. -------- -_ .._-.- ._----.- -------- 33.4
9 10 59 63 141 _._--_ .. -- _. -. ------ --- . __ .- --._._-. -------- 33. 5

10 7 60 66 142 _.. -.... -----._----- --- --- -- --. -- - -. -- .. - --- 33.6
5 6 61 65 137 ..... __ . ---0- _____ -- ------.- _.. _-_.- -- .. ---- 34.0

II 5 62 65 143 -_. - _... -- ---. --- --- -- ---_ .. --. --- _. -------- 34.0
12 D 62 65 145 _. __ ._-- --- ---.. - --- -- ---_. -- ... - -. -_._-._- 35.0
II 5 62 66 144 _._._-.- -- --- -. -- --- -- ---_.- ---.- - -- -- - - - --- 35. 2
16 6 62 66 150 -------- · - --- ------- · - --- --- ---_._-- ·----- -- 35.0
6 6 62 66 140 -----._- --. ------ --- · - _.- -.- --._---- -. ---- -- 35. 2

15 6 62 65 148 · ~ --- - -- -- - _. ---- --- -- --- ..- ---_ .. _- -._----- 35. 2
7 5 63 66 141 · ~ _. - .-- -- - _. -- ----- -----._- --. --. -- -- ------ 35. I

10 2 63 67 142 0_.- ••• --- ... -_. --- --- -- .. - -._----- -------- 34.9
14 2 62 68 146 _._--- .. --_.-._----- -- ---- .. --- ----. -- -- - - -- 35.0
10 2 63 68 143 ----- ... ------------ -_..-_.- ---.---. -- -- -._- 34.9
7 3 fI3 68 141 _. - - - -.. ----- ---- --- _. - .--- -- --- --. -- -- - --- 34.9
7 2 63 69 141 -'- ---_. -----. _. - --- _... ---. ---. -- -- -- -- - --- 35.0

10 3 61 69 143 -------- - -. --- ------ -------- -._----- -- ------ 34.6
14 3 57 69 143 .-_.---- ------------ 3 ------.- 3 33. 2
6 3 57 69 135 .------- ----------- . __ .--.- _. -- - - .. -------- 33.4
3 4 57 69 133 .------- - -. ------ --- --_.---- .. --- .. - -- --- --- 33.4
8 4 56 69 137 -----._- -. - ---- --- -- -----._- ------ .. _. - _. --- 33. 4
4 5 59 69 137 _._----- · - .. --- --- -- -- _.-. -- _._----- _.-.-._- 33.5

14 5 59 69 147 -------- - -. --- ------ · - _.-. -- ._------ -- -. - --- 33.4
7 5 58 69 139 .... -._- -- . --- ------ ._---- .. _.. --- -. -- -. - --- 33.4
9 5 69 68 141 _._--._- - -. -- -- ----- --_.---- --0_---. ---.-._- 33.3
6 5 58 69 138 -----._- - - --- --- -- -- --- ._-.- --._._-- -_._-._- 33.4
6 5 57 69 137 ---- ---- ------ ---- -- -.----- -. __ .--. _. ._._-- 32.7
9 6 66 70 141 ---_._-- ---- -- --- --- I -._----- 32. 6
5 4 65 71 135 ---_ .. _- ------------ 1 _._----- 32.2
4 5 65 71 135 -------- .. ---- ------ -_ .._-.- --._._-- -- _. --.- 32.3
I 7 55 72 135 -------- ---------- -- _._._--. -------- -- ----.- 32. 5

10 8 65 72 145 -------- -. ---- ------ .. ----- ---.---- --- ---.- 32.4
6 6 57 72 141 ---_ .. _- ------ ------ ._------ --. -- - -- -- --- -.- 32.3
8 7 56 72 143 ----._0 ------------ -------- -- _. -_.. -- ---- -. 32. 2
7 ~ 56 72 140 _.-_ .... --._-------- ----- _.- --_._-_. -- _. --_. 32. 2
6 5 56 72 139 -- -_. --- ------ ------ --- .. _-- -._---.- -------- 32. 1
4 6 56 72 138 . ----._- ------------ " ... -- -- -- .. ---- -- _. -- _. 32.3
8 II 56 72 142 .... ---- .. --- -----_. --_._--- --_._._- -- ----_. 32. I
3 7 56 72 138 .. _. - --- ------ ------ _._.-_.- -- .... -. -_._--_ . 32. I
5 7 57 72 141 .- ------

~~ ~~~~: :~~~~ I:;;;;; ~;
-- --- ---

::::::~:I
32. 2

3 4 55 74 136 _. ------ -- _. -_.- 32.0
5 5 56 72 138 --_ .. _-- -- _. ---- 31. 5
6 6 66 71 1311 -------- ----_ .. - -_. -_... 3\. 9
6 6 66 71 139 --- ----- ------ ----.. - _.. _. -- -._ .. - -- 31.9
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TABLE A-4.-Weekly population nmnbers and weights, pop1dation D-Continued

Number natural deaths
Week No.

Number of /ish
Weight

I
(grams)

Fry Immature Male Female Total _F_r_y_I._Im_m_8_tu_r_e_
I
__M_a__le__F_em_al_e _T_o_t_al _

----- - -- - - -- - - - --- - - ---- - - - - - - - ---_. -- -- -- --___ .____ 1 1

-- - --- -- - - _. --- -- - -. ------ - - - - - - - -- - -- - -----.-______ 1 1

-- - --- -- - - - - --- --- - - -_. -- - - - . -- -- - - - - -- -~_ ..
1

- - - -- - -- - - ----- -- - -, _. _. ---- ---. ---- --- -~- --___________________ . 2 __ _ __ 2

32.1
32.1
32. 9
31.3
31.2
31. 6
31. 3
31.5
31.6
32.5
32.8
32.11
33.5
33.4
34.0
33.7
34.6
34.5
34.9
34.7
35.3
35.5
35.7
35.4
36.0
35.6
34.5
34.9
35.0
35.6
35.7
35.7
35.4
35.5
35.2
34.8
34.5
34.4
34.3
33.9
34.3
33.6
34.0
34.5
34.5
34.5
34.3
34.1
34.0
aa.5
32.7
30.8
30.6­
30.0
29.8
29.9
27.2
27.8
26.9
27.2
26.5
26. ~
27.0
27.0
26.2
26.2
26.8
26.8
26.5
26.8
26.7
27.0
26.5
26.7
27.0
26.8
~7.0

27.0
27.1
27.0
26.9
27.2

1
1
1
2

1
I
2
I
1

3

1
3
2
2
I
2
2

• I

2
3
4
3
4
2
1

'6
1
2

1
1·

I _

- - - _. - - . • ___ 1
1 : . _

3

1 . . _
__ . .. _,_. __ .______ 1

1 11 .

1

__ . . . _ 1 __ .. _
--______ 1

1 .
2 _

---_. - _. ----_. - - ---~ . --~ -- - -
1

1 _
_________________ . __ 2
__ __ __ __ 4
___ . . 2 I
____ .___ 2 2
_ . ___ ___ __ __ __ 1 1
____ .___ 1
________ 5
____________ ._______ 1 _. _

2

_________ ._. . __ . 1 _
_.______ 2 1
- - . . 1 1
__________________ . . 2
-- . __ __ _ __ _ 1
_______________ .___ _ I 1
_______________ .____ 2 _

------ .. ----_.-.---- -------- ----.--- -_.-----__._____ 1 .___ 1

_. --_. -- --- -- - - -- _. - -- - --- - - . -- -- - - - -- - _. ----- • .______ 2 2

------~- --~-~._----~ -------~ ~----_.- ----~---___ . . __ ___ 1

2
2
2

, 1

:::::::: ::::=::::::: ------3- :::::::: ------3-

::::=::: :::::::::::: ------i· :::::=:: -'----i-
_______________ .____ 1 1 2
_____________________ .______ 1 I

1 . _ 1
2 2
2 3
2 2

7 56 71 140
7 57 71 141
7 57 72 141
7 56 70 140
7 5.~ 70 139
8 55 73 145
9 52 73 142
9 52 73 142

10 M 72 140
12 54 72 145
12 54 72 153
11 04 73 150
12 04 73 149
11 55 73 149
11 57 73 147
10 57 73 146
10 55 77 149
9 55 77 150
7 55 79 151
6 56 79 1M
5 57 'ill 153
5 56 79 151
7 56 81 153
7 56 81 162
7 55 81 159
7 56 'ill 154
8 511 77 149

10 56 77 160
9 55 77 148

13 56 77 157
10 56 80 152
11 56 80 161
11 54 80 152
IU 04 82 153
10 04 82 153
8 52 81 149

12 50 80 150
11 51 79 151
10 51 79 146
II 49 79 144
13 48 79 140
12 48 'ill 140
12 48 78 140
9 49 79 139

10 47 'ill 144
10 47 78 145
8 47 79 145
7 47 'ill 142
5 46 80 139
5 44 79 135
3 41 80 129
5 36 80 133
5 34 'ill 126
5 32 78 121
5 31 78 117

32 77 116
5 31 72 112
5 29 73 112
3 30 72 110
4 30 72 110
3 29 71 112
3 29 70 112
3 28 70 116
2 27 70 120
2 25 68 112
2 25 66 110
5 24 66 122
4 24 66 124
7 24 66 120

12 25 65 138
13 25 64 133
13 26 63 136
12 28 62 138
lR 26 61 132
24 26 60 142
21 27 60 124
19 27 63 131
18 28 63 122
20 29 62 122
17 30 64 121
18 29 65 116
19 29 65 117

6
6
5
7
7
9
8
8
4
7

15
12
10
10

6
6
7
9

10
13
12
11
9

18
16
12
8

17
7

11
6

14
7
7
7
8
8

10
6
5
o
I
2
2
8

10
11
9
8
7
5

12
8
6
3
2
4
5
5
4
9

10
15
21
17
17
27
30
23
36
31
34
36
29
32
16
22
13
11
10
4
4

113 • • _
94 • _
95 • _
9R_. . •.•
97 • . . . •
98. _• .. . __ . . _
99. . . .. ._
100 _
101. . . . • •. _
102 . . _
103. • . _
104. . .. . _
105 _
106. . . _
107 . •. . .. _
lOS. . . _
109•• •• _
110•• • . . . _
ilL . . . _
112 • _. . _
113 . __ . . _
114 • • •• __ • _
115. _•• . . . . •. _
116. . . . _
117 _
118__ ._. '. . . __ . _
119. • _., __ . . ._
120 . __ • • •. __ ._. ._._.
121.. _. • . . . _
122 • . _
123 . •• . _
124 . _. _
125 . • . _
126 . . _
127 . . . . _
128 . •_. . . _
129 . _. _. _
130 . . _
131. _. . . _
132. . . __ . . _
133 • . . __ . • _.
134 . . . . _._. _
135 ".• _
136. . . _
137. • • •__ • . . •. _
138 • .• . •• _
139 • • • . .• __

~~= =: :=:: :=:::::::== :=:: :=:: ::: == :=::::: ::=:::::=:142 . . __ • _
143 .. • . __ • . _
144 . __ • . _
145. _. • __ . _
146 • _
147. • __ . __ . __ • _. •__ • __ ., _
14ll. " • • _
149. • . _
150. . . _
151. • • • ._
152•• .. . _
153 . _. • . . _
1M. . . _. . _
155. • __ . •. _
156. _. . . __ . . _
157•. . • . _
158 _
159 •_. . _
160 • • • __ • . _
161 . . _
162 • . _. _
163. . . . . _
164 . . __ • . _
165. . __ • . _
166. __ . . • __ .. _. . _
167. . . . _
168 . . . . __
169 . • . . •__
170 . . . _
171. • . _
172. .' _
173 . . . _
174 . _

I Not Ilsted separately; Included In Immature.
• Includes one fish oC unknown sex.
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TABLE A-5.-Temperature record, water bath, all populations

[Data are for period from count time of previous week. taken a~ noon of count da)', 10 count tim~ at week listed. from thermograph recordsl.

Temperature Temperature Temperature

Week No. Week No. Week No.
A'"cr- Mini- Maxi- Aver- Mini- Maxi- Aver- Mini- Maxi-
age mUID mum age mum mum age mum mum

----- --------- ------
6.. ______________ . _______ 74.8 72.5 77.0 63_____ ... ____________ . __ 77.2 72.0 19.5 120._____________________

73.1 72.0 19.5i ________ . ___ ____________ 75.5 73.5 77.5 M_______________ . _. _____ 77.4 67.5 83.5 121.. _____ . _______ .... _.. 72.4 72.0 73.58________________________ 74.1 73.0 77.5 65_______________________ 75.6 72.0 79.5 122____________________ .. 72.4 72.0 73.09____ . _____ . _____________ 75.0 72.5 77.0 66______________ . ________ 74.9 73.0 7~.0
123______________________

72.3 72.0 72.510____ . _________________ . 75.8 .71. 5 19.0 67_____________ . _________ 74.6 74.0 77.0 124____________________ ._ 72. 5 71.5 80.511 ______________________ . 75.2 73.5 76.5 68____ . __________ . _______ 74.7 74.5 77.5 125_________ . __ . ________ . 73.0 71.5 80.512_______________________ 75.1 73.0 76.6 69____ .. _________________ 74.7 74.5 75.0 126______________________
72.2 71.5 19.513_______________________ 77.8 74.5 79.0 70____ .. _________________ 74.7 74.5 75.0 127___________ . __________ 73.5 71.5 75.514_______________________ 77.4 75.0 78.5 71. ___ . ___________ . ______ 74.4 74.5 76.0 128..____________________ 75.4 72.0 84.015_______________________ 76.8 73.0 19.0 72____ ... _______ .' _______ 74.8 74.5 77.5 129______________________
75.0 70.0 83.016_____ . __________ . ______ 78.5 76.5 80.5 73________________ .. _____ 74.7 74.5 77.0 130______________________
75.6 70.0 85.017___________________ .... 77.2 75.5 80.0 74_______________________ 75.7 74.5 78.5 131._____________________ 77.0 72.0 84.018_________________ .. ____ 78.8 76..0 80.0 75____________ . __________ 75.2 74.5 78.5 132____________ . _________ 76.9 71.5 85.019_________________ . ___ ._ 75.3 72.0 76.0 76_____ . _________________ 76.9 74.5 79.5 133__________ • _. _________ 74.9 71.0 82.020_______________________ 78.6 75.0 80.0 77_____ . _________________ 75.4 74.5 77.5 134______________________ 76.5 71.0 85.021.________________ . _____ 79.3 77.0 81.5 78_____________ . _________ 75.3 74.0 77.0 135___________ . __________ 73.5 70.5 82.022___ . _________________ ._ 76.3 74.0 79.0

19_______________________
75.0 73.0 76.5 136__________ .. _." ______ 71. 6 70.5 76.523_____ . ____ . _______ . __ ._ 78.2 76.0 81.0 SO_______________________ 75.2 73.0 79.5 137______________ . _______ 73.9 70.5 83.024____ . _____ . __________ ._ 76.8 74.0 81.0 81. ___________ . __________ 75.4 72.0 79.0 138______ . _______________ 76.3 70.5 83.525________ . _____ . ________ 76.6 74.0 so. 0 82___________ .. _____ .. ___ 75.9 72.0 79.0 139____________ . ___ . _____ 71.3 70.5 77.026____ . __________________ 75.6 73.0 78.5 83..________________ . __ ._ 75.8 71.0 79.5 140______________________ 72.3 71.0 77.527_________________ . _____ 74.6 73.0 76.5 84 ________ . _. ______ . _____ 77.8 73.5 79.5 141.____________ . ______ ... 76. 2 67.5 83.528______ •________________ 75.4 73.5 78.5 85.... __ .. __ .. ___________ 76.1 69.0 78.5 142___________ . _________ . 75.9 70.5 83.529____________________ .. _ 74.6 73.5 75.5 86__ .. _________________ ._ 74.5 69.5 78.5 143______________________ 73.8 69.5 83.030__________________ . ____ 74.8 73.0 76.0 87_____________ . _________ 76.6 70.0 so. 0 144. __________ . __ .. ______ 77.ft 72.5 87.531. ________ . _____________ 75.2 74.0 76.5 86_________ • __ • __________ 77.0 71. 5 79.0 145___________ . __________ 72.0 65.5 78.032______________________ . 74.1 72.5 75.5 89________ . ______________ 76.3 67.5 79.0 146________ . ____ . _____ .:_ 76.7 72.5 82.533__________ .. ___________ 76.9 72.0 19.5 00_____________ . _________ 74.3 66.5 77.5 147.... _______ . __________ 78.1 70.0 84.534__________________ . ____ 75.5 72.0 78.5 91. __ . ___________________ 75.9 68.5 78.0 148.. ____________ . _______ 73.8 66.5 83.035______________ . ___ . ____ 75.2 72.0 80.0 92__________ .. ___________ 74.9 67.5 78.0 149_________________ .. ___ 76.1 68.0 86.036_______________________ 73.8 71.5 77.0 113.. __ . ___________ . ______ 75.4 69.0 77.0 150______________________ 73.6 66.5 84.537__ .. ___________________ 76.2 73.0 78.5 94________________ . _.. ___ 74.4 68.0 77.0 151.____ .. _______________ 75.2 69.0 87.538_____________________ .. 73.6 70.5 74.5 P5_______________________ 74.3 67.5 77.5 152______________________ 73.8 70.0 82.039_______________________ 77.2 71. 5 19.0 96__________________ . ____ 73.4 67.0 76.0 153______________ .. ______ 75.2 69.5 85.540_________ . ____ .. ____ •. _ 75.2 72.0 78.0 P7__________ . ____________ 73.7 67.5 76.0 104_______________ . ______ 75.6 69.0 83.541. ______________ .. ______ 73.0 68.0 76.5 98____ . ____ . ___________ ._ 75.2 68.5 77.5 155____________ . ____ .. ___ 74.2 71. 5 84.042_______________________ 75.2 72.5 77.5 99_______________________ 75.4 69.0 77.5 156______________ .. ______ 77.3 71. 5 87.043_______________ .. ______ 75.8 73.5 78.0 100____________________ ._ 75.4 69.0 78.5 157 ____________ . __ . ______ 77.9 68.5 85.044 __ . _____________ . ______ 74.8 72.5 77.5 101._______ . ____________ . 74.7 68.5 78.5 158______________________ 77.4 69.0 87.545 __ .. _. _________________ 76.2 73.0 78.5 102___________________ . _. 76.2 69.0 i8.0 159_____________ .. _______ 77.0 70.5 86.046____________ . __________ 74.4 71. 5 77.0 103..____________________ 74.6 68.5 78.5 160______________________ 75.9 68.5 84.047__ .. __________________ . 73.8 71. 0 75.5 104,______________ . __ . ___ 74.6 68.5 79.5 161.__________ . __________ 77.8 70.5 87.048____________________ ... 77.3 73.5 80.0 105______________________ 72.5 88.5 77.0 162____________ .. ________ 77.4 70.0 85.549_______________________ 76.8 74.0 78.0 106__________ .. ______ . ___ 72. 6 68.5 78.0 163______________ . _______ SO. 8 71. 5 84.550_______________________ 77.4 74.0 79.5 107_____________________ . 71. 8 68.5 78.0 1M______________ .... ____ 78.0 69.5 85.051._______________ . _____ . 77.7 74.0 79.5 108_______________ . __ .. __ 73.1 68.5 78.5 165.___________ . _________ 74.8 70.0 82.052__________________ . ____ 74.7 69.0 81.0 109________ . _________ .. __ 72.2 68.5 78.0 166______________________ 73.5 70.0 81. 053________________ . ______ 72.6 68.0 77.0 110________ . ______ . ___ ... 70.2 68.5 77.5 167______________ ... _____ 75.1 72.5 83.004______________ . ________ 74.4 67.5 79.0 111.__________ . __________ 70.4 68.5 77. n 168____________ . _. _______ 75.6 72.5 86.555_.. ___________ . ________ 74.9 68.0 91.0 112______________________ 72. 5 70.5 78.0 169______________________ 75.9 73.0 83.556..____________ . ________ 72.7 68.5 78.5 113______________________ 72.2 70.0 78.5 170______________________ 74.5 73.0 76. 557_______________________ 74.4 69.0 79.5 114______________________ 73.7 68.0 82.0 171._________ . _. _________ 74.3 72.5 78.058_________ .. _.• _________ 75.1 69.0 80.5 115______________ . _______ 72.5 68.5 80.5 172____________ . _________ 74.7 72.5 78.059__________ .. ___________ 75.3 72.0 19.5 116____ . __________ . ___ .. _ 75.2 70.0 80.5 173_________ . ____________ 73.8 72.5 78.500_____________ . _________ 74.3 70.0 19.0 117_______________ : __ ... _ 71. 2 70.0 73.5 174__________ ... _________ 74.0 72.5 76. 561.___________ .. _________ 73.3 70.5 76.0 118_____ . ____________ . ___ 72.3 72.0 72.562__________ ... __________ 73.7 69.5 77.0 119______________________ 72.4 72.0 77.0
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TABLE A-6.-Length frequencies (total length) of fish rf>.moved, population A

Number 01 fish lor week No.-
Length, mm.

~I~I~ ~Iro M M ill M ~Iw ~ mn\~ ~ ~ W M ~I~ ~I~I~

JI. ==C=~~~J~=======·~=====~==~=I==~~=12•. • • • • • • ----. • • - ---_. -- --- _
13. • • ----. • • ----. • ----_ -- • • _
14. • • • • • • • . _
15_•• • • • 1 • • • • • • • • . • _
16_•• • 1 •. 1 • • • 1 • . • • • • • __ . _
17__• • • • 3 • • • • • • 2 • __ • •..
18__ • . • 2 • 1 2 1 2 1 • __ . • 1
HI_ •• 1 2 • • • 1 6 2 I . • 1
20••• • 2 3 1 3 3 2 1 2 ._ 1 1 1 _. • 1 1 2
21. .• . • 1 I 1 • 1 2 1 1 1 2 1 • _. __ • 2 1
22 • .__ 2 1 6 2 2 2 3 2 1 4 5 2 ._ 1 2 2 1 I 1
23__ • .__ 2 2 2 4 2 3 1 2 3 4 3 1 2 • 1 1 1 1 2 1
24 .__ 1 3 1 4 2 3 2 2 1 2 I 1 1 2 __ .__ I 1 3 1
25 .__ 3 5 3 2 3 1 1 3 1 1 1 1 • • 2 1 1 2 2
26__• .__ 1 1 1 • • • • • • . • 1 1 1 _
2i__ .__________________ 1 2 • • •. • • • • . __ ._. • • 1 1 1 • _

~~~~~~~~~~~~~~~~~~~~~~ --T :::~: ~>~ :::~: :::!: ~;;:; ---~. ===~= ==:~= :::~= :): ~~:~~ --i :::~t~~~ ~~~~~ /= ~~~~~ >~ :;:j; ~~.~~~ =:=~= :::~: ~~~~~
32••• .__ 3 1 • 3 • • 1 • I 1 ._. 1 _. __ • • • • 1
33••• .__ 4 2 _. • • • 1 1 • • .• • _. __ • 1 1 _
34 . • 1 _. • " ' • • • . 1 • 1 • • 1 •• • _
35 .. __ 1 _" • • 1 • 1 1 1 • • •• 1
36 . • • 1 1 • • I . . 1 • • • • • 1 • _
3i .__ 1 • 1 • • • . • I •• • _
38 . • _. __ • 1 • • • ----. • - • • •• •• _
39 • • 1 • • 1 1 • • • _
40 • _. __ • ._. • • • __ .__ 1 • , • 1 1 • _
41._. • • • 1 • • .• • 1 • • • • • _
42 .. _. .• 1 1 . • • • . • . • • . _

:L:::::::::::::::::l::: ---j- :::::1--\::::: ::::: ::::f::: ---~- ::::: ::::l::: ::::: ::::: ::::: :::::1 1
_ ::::: ::::f::: ::::f:::\::::: :::::

Nnmber of fish lor week No.-
Length, mm.

112 115 118 121 124 12i 1130 1331136 139 142 145 148 151 1154 115i 160 1631166 169 li2 li4
--_·_---------1·----------------------------- - ------------
11 ._______ 1 • • • ' • • • •.. • . • • . _
12. • • • • • • _. __ • _. __ • • • ._. • • • • • _
13 . • • • • • _. • • • • • • • • • •• • _
14_. . • __ • • • • • • • • • • _
15•• • • • 1 1 " • • . __ • • 2 1 _. __ • • • _
16_. • • • • 1 1 1 1 2 1 _
17_. • • • 1 • 2 1 4 2 1 1 1 1 3 • ._
18 • • 1 3 1 5 4 1 1 2 • 2 3 • _
19•• .______________ 1 1 4 3 3 2 2 3 5 2 1 1 2 1 3 _

~:::::::::::::::::::::::::::::::: ---i- ::::: ::::: ~ 2 ~ ~ ~ ~ ~ ~ --.-. ---2- ---3- 1 ~ ----. ---2' ::::: ~ ::::: :::::
22. • • • 1 6 3 1 8 3 4 1 4 4 1 I • • 1 _
23_.______________________________ 2 1 • i 1 3 3 3 2 4 5 '6 2 1 1 ._. • • 1 _
24. .______________ 1 2 1 5 2 1 2 1 2 2 1 • 3 1 • 2 .____ 1 • _
25. .______________ 1 3 • 9 3 4 1 4 1 2 3 1 2 2 1 • _
26________________________________ 1 2 3 1 ._. 3 2 1 2 1 1 _. . • 1 _

i~~~~~:~:~~~~~~~~~~~~~~~::~~~~~~~ :::~: :=:~=:/ !i:::~= :::~= ~J ;;;~; ~~~:~ ;;;~; :::i: ::x :::~= ~~~~~ ~::~~ ~~~~~ ~~~~~ :::~= ~:~i~ ;;;i; =~~~~ ;;:;~
31. . • 1 1 1 1 • • • • • 2 • • •.• • • _
32. . .. • • 1 1 1 1 • • • • • •
33 . .---- ----. ----. 1 3 ----. ----- ----- ----. ----- 1 ----- ----- ----- 1 .11 • • _
3"- ._______ 1 • 1 1 • • 1 • • 1 • • • _
35 ._ 2 • 1 • • 1 • • • • 1 • • _

~:::::::::::::::::::::::::::::::: ~_ ::::: 1. ---3' ~ ::::: ::::: ::::: ::::: ---j' ::::: ::::: ::::: 1_ ::::: ::::: ::::: ::::: ::::: ::::: ::::: :::::38________________________________ 1 . . . . . . . . . . ---_ .. .. _
39________________________________ 1 1 1 1 • • • 1 • • • •. _
40 • • • • • 1 • • • • • • __ . __

41. ----. ----- -.--- 1 . ----- ----- ----. 1 1 ----. ----. ----. ----·1----· ----. ----. ----. ----. ----·1----- -----42__ . • 1 • .\1 • • "'_' • • • : • _

:t:::::::::::::::::::::::::::::: ::::: ::::: ::::: ~. ::::: ~_ ::::: ::::: ::::: ::::: ::::: ---j' ::::: ::::: ::::: ::::: ::::: ::::: ::::: ::::: ::::: :::::
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Length, mm.
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TABLE A-7.-Length frequencies (totaJ length) of fish 'nmoved, population B

Number 01 fish lor week No.-

14 . . . • •__ • . , • _
15 .. . . . • .. • __ 1 ., . • _
-16 ._______________ 1 1 •• ". _, . • ._. _
17 . . '_' • . •. • •• . __ . 1 1 _. __ •. 1 ._. _
18 . .________ 1 • • 2 • 3 .__ 1 • • _

~::::::.::::::::::::::: ::::: ::::: ::::: ::::: ::::: ::::: ---i- : --4' ~ ---il- ----. ---il' ::::: ::::: ::::: ~ ~_ ---2- ::::: ---il- _._~_ ::::: :::::
21. . __ . . . • __ ._. . 1 2 5 3 2 1 2 1 .__ 1 _
22. • __ . ..• _.___ 1 . .'_ 1 2 4 5 4 1 1 1 1 2 _. • _
23 ._______________ 1 3 1 • . 3 3 2 2 3 1 1 1 1 2 3
24 ._______________ 4 4 2 2 1 1 .___ 3 3 1 1 1 4 2 3
25 . .. 5 3 3 __ .. _ 1 .~ 1 1 2 1 . .___ 1 2 2 .____ 1 2
26_____________________ 3 1 5 1 1 2 1 1 2 1 1 2
2i . __ .____________ 4 2 • __ .. _ 1 1 1 1 2 1 .____ 1 1 2
28 ._._______________ 3 3 • 2 ._ 3 1 .. _ 1 .____ 1 1
29 .____________ 5 3 • • 1 1 1 .____ 2 1 1 1 1 1 1 1
30 ..• 3 3 . __ .•. ._. 2 • 1 1 1 1 1 1 1 1 ..
31. . ._ 3 2 1 . . _._ .• •. 1 .. 1 1 1 .____ 1 2
32 .. _ 4 1 1 .• _. c __ ._ 1 1 __ ._. 1 ·1 1 , _
33 . . 2 3 1 •• . . __ . ._. 2 ._. • .. _ • _
34 ._. 2 2 1 .• . .. . 1 1 1 ._ 1 _
35 . . .____ 2 1 . ._. ._ 1 1 ._ 1 2 • _
36 ._____________ 1 1 • . 1 __ . . . .__ 1 . _
37 . • • . 2 .____ 1 • " • __ ... • _
38 . . 1 2 . • . __ .____ 1 .. 1
39__ . .____ 1 ._ 1 ._ 1 _. . .. . .. _
40 • . . • 1 1 _.____ 1 . • __ . . _. .. . _

:L:::::::::::::::::: ::::: ::::: ::::: ::::: ::::: :::::--i- ::::: ---~- ::::: ::::: ::::: ::::: ::::: ::::: .::::: ::::: ::::: ::::: :::::1:::::1::::: ::::: :::::

!t~~~~:~:::~~~~~~~~~~ :::~t~~: :~~~~ ~~~~~ :~~J:~~: ::~~~ :::~l~~~ :::~: :~~:~ ~::~~ :~~~t~~~ :~~~t~J~~~~ ~:~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~.: ~:~~~ ~~~~~
Length, mm. I Number of flsh for week No.-

TABLE A-S.-Length frequencies !total length) of fish in control populations remaining at end of experiment

N umbel' of fish 101"- Number of fish for- Number o( fish (01'-

umgt.h, mm. Popula­
tion C

PopUla­
tion D

Length, mm. Popula­
tion C

Popula­
tion D

Ll'ngth, mm. Popula­
ti(m C

Popula·
tion D

-----------1----1----11----------1-----1-----11---
9 _
10 _
11 _
12_. .
13 _
14 _
15 .. ,
16_. . _
17 .
18 . _
19 . . .
20 . .
21. . __ .. _

4
4
1
1
o
1
o
o
1
o
1
o
3

o 22 _
2 23 •• .
o 24 . _
1 25 . _
o 26 _
o 27 _
o 28 _
o 29 . _
1 30 . _
3 31 . _
4 32 • _
Ii 33 .. .
3 34 _

10
11
18
11
7
3
o
o
R
Ii
7

~I

\I 35 . .
5 36 _
8 37 . _
7 38 . _
4 39. . _
3 40 . __ • . _
i 41. _
4 42 _
8 43 _
4 44 . . • _
7 45 _

13 4& _

7

3
4
3
1
2
3
1
o
o
o
o
1

5
1
3
1
o
o
1
o
o
o
o
o
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